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GREAVES COTTON & CO. LTD. 


Bombay “Calcutta - Ahmedabad - Bangalore : Coimbatore - Kanpur -Madras-New Delhi 
Ralli House, 16 Hare Street, Post Box 702, Calcutta |. 


Telegrams: “GREAVES” - Telephones: 23-2236. 23-2693, 23-3063 
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POWER CABLES 


L.T. and H. T. 


Available ex-stock 








SIEMENS-SCHUCKERTWERKE AG 
GERMANY 
SOLE REPRESENTATIVES: 
SIEMENS ENGINEERING & MANUFACTURING CO. 
OF INDIA PRIVATE LTD. 
BOMBAY — CALCUTTA — NEW DELHI — MADRAS — BANGALORE 
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Run the Firestone Guide Grip on 
any type of tractor—run it on the 
toughest farm and estate service, and 
you will find it gives twice the 
service of ordinary front tractor 
tyres. You get double the tyre life, 
yet the New Firestone Guide Grip 
costs no more than an ordinary front 
tractor tyre. 


@ LONGEST WEARING FRONT 
TRACTOR TYRE EVER BUILT 

The new Dual Rib design gives 60% 
longer uniform wear on any type of 


tractor on paved roads and in the 
fields. 


@ BEST STEERING FRONT 
TRACTOR TYRE EVER BUILT 


The new design gives shorter turning 
and better cleaning in all types of 
soil conditions. 


@ BUILT-IN MUDGUARD OR 
DEFLECTOR STRIP 


Protects side walls and beads from 
coarse stubble, sand and mud. 


NEW Firestone 
GUIDE GRIP 


FRONT TRACTOR TYRE 





NO OTHER FRONT TRACTOR TYRE GIVES THESE ADVANTAGES 


FIRESTONE TYRE & RUBBER CO., 


OF 


INDIA PRIVATE LIMITED. 


K. 





P 
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TIMKEN“US.A. 


TRADE-MARK ORIGINATED, OWNED, REGISTERED 
BY THE TIMKEN ROLLER BEARING COMPANY 


TAPERED ROLLER BEARINGS 





























When a Timken Bearing goes travelling, 
how many “coats” does it wear? 


To prevent rust during shipments, Timken 
made-in-U.S.A. bearings are packed in 





you get Timken bearings in_ perfect 





five protective layers. 1. A layer of grease 
is applied directly to the bearing. 2. It’s 
wrapped in a special rust inhibiting paper. 
3. Placed in an individual container. 
4. Then packed in a box with a liner. 
Large-size bearings are even vacuum packed 
in their own polyethylene pouches. 


We take all this trouble to make sure 


NOT JUST A BALL ©) NOT JUST A ROLLERCCOTHE TIMKEN TAPERED ROLLER @> BEARING TAKES RADIAL) AND THRUST~()—LOADS OR ANY COMBINATION HE 





condition—ready to add life to your 
machines. 

Specify Timken made-ih-U.S.A. tapered 
roller bearings. Available world-wide. Made 
by the worid’s oldest (60 years) and 
largest manufacturer .of tapered roller 
bearings. The Timken Roller Bearing 
Company, Canton, Ohio, U.S. A. 
Cable: “TIMROSCO”’. 


Distributors: Voltas Limited Bombay « Calcutta » Madras * New Delhi » Bangalore » Cochin. 
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oncrete thin shell roofs 


for large column-free areas 
















provides natural lighting 


@ reduces dead-load of roof 
and assists in reduction of 
structural dimensions throughout 
the building 


Wherever large, column-free floor 
areas are essential—such as in train sheds, 


railroad repair shops, factory buildings, 

e@ requires only two-fifths the 
quantity of steel of a comparable 
structural steel structure 


workshops, warehouses, research 
laboratories, aeroplane hangars, garages, 


etc.,—a concrete shell roof is the answer. © high durability and fire-safety 


This type of construction in addition, 
@ unusual economy in cost 


offers these distinct advantages :- anil tow eaenananee. 





ci THE ASSOCIATED CEMENT COMPANIES LIMITED 
THE CEMENT MARKETING CO. OF INDIA PRIVATE LTD. 





=a product of Free Enterprise 





ACC -*3E-20A 
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The Dumpers For Hard Work 




















UNDER THE TOUGHEST CONDITIONS 


All over India, Muir Hill 44 cu. yd. Model 14 B Dumpers 


can be found doing the toughest jobs in the most extreme 





Wikafir TEA 


BUILT BY BOYDELL 


climate conditions. Service and spares are assured from our 





distributors who will gladly send full details and illustrated 


brochure on request. 


E BOYDELL & COLTD ALLIANCE WORKS OLD TRAFFORD MANCHESTER 16 ENGLAND 





DISTRIBUTORS IN INDIA 
McLeod & Co., Ltd., Territories : Killick Nixon & Co. Pte. Ltd., Territories : 
McLeod House, P.O.B. 78, Uttar Pradesh, Bihar, Assam, A wholly subsidiary of Punjab, Himachal Pradesh, Rajasthan, | 
Postal Zone No. |, Calcutta. West Bengal, Orissa, Southern ee Madhya Pradesh, Bombay, 
P.O.B. 109, Killick House 
Telephone: Calcutta 4926 Andhra Pradesh, Southern Mysore, Home Street, Bombay. Northern Mysore, 
Cables: “Outline”? Calcutta madras, Kerela. Telephone: Bombay 26-201] Northern Andhra Pradesh. 


Cables: “KILLICKS” Bombay 





dm” 
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New constructional principle effects amazing 


Six unskifled men take approximately sixteen 
hours to erect on prepared foundation steet- 
work for a building over 60° long by 30° wide 
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STANDARD ZF 
LIGHT STRUCTURES ~ 


POR PERMANENT & TEMPORARY BUILDINGS 


i 


Mi 


[WM TE Mi 





time saving 
ROOF TRUSSES AND PURLINS OF TUBULAR 


CONSTRUCTIONS IN THREE STANDARD 
SPANS 


SPAN TRUSS SPACING 
“ 13’ 4” 
30° 13” 4” OR 10’ 0” 


20° 10’ o””" 
COLUMN AVAILABLE IN FOUR STANDARD HEIGHTS 
9 6", 1 0”, 14 0” AND 16’ 0” 





EXTENSIVELY USED BY 
ALL THE STEEL PROJECTS 
RAILWAYS 

CONSTRUCTION SITES 
INDUSTRIAL ORGANISATIONS 









. 


Roofing is fixed before the work on walls 
and interior is begun 








20) elgg lel 
WORKSHOPS 
GODOWNS 
lela tele] a PROMPT DELIVERIES 
HOSPITALS 

LABOUR QUARTERS 





Write for particulars & price lists to 
‘STEWARTS AND LLOYDS OF INDIA 
TELEGRAMS: TUBCHAKENS? CxLcoTIA PRIVATE LTD. 


41, CHOWRINGHEE. CALCUTTA-I6 
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IN THE END THEY WILL SEE 


WHY YOU CHOSE 


DURAJOINT 


The watertight PVC Expansion Joint 
for all concrete structures subject to water pressures. 


Durajoint has a specially designed ribbed section ageing, resistant to water, acids and alkalis, 

which ensures effective bonding with concrete, weatherproof and unaffected by extremes of 
prevents movement of the strip, eliminates per- temperature. It can be easily handled and is available 
colation of water and renders sealing compounds _inrollsof various lengths, in widths of 2}” (60 mm.), 33” (95 mm.), 
unnecessary — the central hollow tube accom-_ 6” (150 mm.) and 9” (230 mm.). Write for full technical details. 
modates lateral movement between adjacent An Arctic Grade is available to withstand temperatures from 
sections of concrete. Durajoint is tough, non- 100°C. to—60°C. y 


Wher }] “Ss nothing GUME hike DURAJOINT 0.00: is a registered trade name. 





Agent for North India Agent for South India 
S. LAUL & CO. MODI & MODI 
15/21 Civil Lines, KANPUR, and P.O. Box 293, 11 Linghi Chetty Street, 
10 Alipur Road, DELHI. Tel: Delhi 25208 MADRAS, 1. Tel: Madras 3096 


(Madras, Mysore, Andhra, Travancore-Cochin and Coorg.) 


11 ae | THE MICANITE & INSULATORS CO., LTD., 


EMPIRE WORKS, BLACKHORSE LANE, WALTHAMSTOW, LONDON, E.17. Cables: “Mytilite”, London. 














H. V. CIRCUIT- BREAKERS 

M. V. CIRCUIT- BREAKERS 

METAL-CLAD AIR-INSULATED SWITCHGEAR 
INSTRUMENT TRANSFORMERS 

ISOLATORS 

s1Ubslalin iets) 

SWITCHBOARDS AND CONTROL DESKS 


SCARPA E MAGNANO @ 


Head Office & Works: SAVONA (Italy) VIA FIUME 2 
Comm. Management: MILAN (Italy) VIA MANZONI 12 4 od’ 
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LEAKING ° 


RUPEES 


EFFICIENT INSULATION 
CAN AVOID HIGHER 
WORKING COST, 
GREATER WORK-LOAD ON 
EQUIPMENT, SPOILAGE THROUGH 
INADEQUATE TEMPERATURE 
REGULATION ETC. CHECK AND CHANGE TO 
LLOYDWOOL, EFFICIENT HOT OR COLD INSULATION. 


LlovowooL 


1S THE EFFICIENT INSULATION MATERIAL 













* Water repelling * Corrosion resisting * Fire-proof, 
vermin-proof * Perfectly safe to handle * Easy to 
install * Resilient and flexible—fills in all types of 
curves and contours. 


Ln wae ak healing factories 


I= S$ Manufactured in India by: 


PUNJ SONS Pav LTD., 


PUNJ HOUSE, M-13, CONNAUGHT CIRCUS, NEW DELHI-/. 





Distributors for the State of Bomboy : 
LATHAM ABERCROMBIE & CO. PRIVATE LTD. FORBES BUILDING, HOME STREET. BOMBAY- 1! 


Distributors for Bengal and Eastern India : 
PANDIT KANAHYA LAL PUN}, 5, CLIVE ROW, CALCUTTA- I. 

















Lw/G/s 
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‘Ferguson Pailin’ Switchgear will be 
found in outdoor substations in many parts 
of the World. It has been designed to give 

dependable service in — the onerous conditions, 

principally climatic, unde: which it must, at times, 

operate. The type ROP32 oil circuit-breaker 
illustrated is a single tank frame-mounted 

type, for service ratings up to 22/33-kV 

up to — 











ROP 3¢ FOR QL/Oo KV SERVICE 


~— 


Ferguson, Pailin uwiteo 
Member of the A.E.1. Group of Companies 


& Works: HR. OPENSHAW MANCHESTER 11, 
gs cao 2 Represented in India and Pakistan by 








. Et. ( indi Private Ltd., Head Office : Crown House, 6, Mission Row, Calcutta, P. O. Box 271. 
2 Hy Hi (patistan) Ltd., Head Office : Bombay Company Building, Wallace Road, Karachi, P. O. Box 746, 
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The Ferranti High Voltage Oil Testing Equipment has 
been designed for testing oil in accordance with the 
requirements of the latest B.S. Specification No. 148 — 
1951. The Transformer output voltage is 50 kV The 
control unit incorporates a Ferranti Moving Oil Voltage 
Regulator which provides infinitely 
smooth variation from Zero to Maxi- 
mum. Catalogue available on request. 


FERRANTI LTD. 


HOLLINWOOD - LANCASHIRE - ENGLAND 








Indian Distributors : 
BRITISH INSULATED CALLENDER’S CABLES LIMITED, 
Esplanade House, Waudby Road, Fort, Bombay-!. Post Box II 
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“ENGLISH ELECTRIC’ 


HIGH RUPTURING CAPACITY HEAVY DUTY 


COMBINATION FUSE-SWITCHBOARDS 





MANUFACTURED 
IN INDIA 


BY THE 


ENGLISH ELECTRIC 


COMPANY OF INDIA 


(PRIVATE) LIMITED 





FEATURES. 
@ Complete board tested for 35 MVA Rupturing Capacity 


@ Fuse-Switches with Shrouded Contacts capable of making and breaking currents many times 
greater than full load and fitted with ‘ENGLISH ELECTRIC’ H.R.C. Cartridge Fuses 


@ Top and Bottom mountng Switches for Compact arrangement 
@ Readily extensible. Can accommodate Fuse-Switches upto 750 amps. 
ALSO MANUFACTURED IN INDIA OVERHEAD BUSBAR EQUIPMENT & FUSE-BOARDS 


Send your enquiries to 
THE ENGLISH ELECTRIC COMPANY LIMITED 
(Incorporated in England Liability of Members Limiieda ) 
New Delhi Calcutta Bombay Lucknow 
Agents for Suvuth India 
BINNY & COMPANY (MADRAS) LTD , MADRAS 
EEc-: 








Durgapur Barrage 





Several sites for the Barrage were considered to meet 
the demand separately for irrigation and also for irriga.- 
tion and navigation together. Guhagram, which is 
below the location of the existing Anderson Weir at 
Rhondiz, was the first to be considered 2s the best site 
for 2 Barrage for the Irrigation Project. Subsequently, 
it was proposed. to increase the command onthe Right 
Bank when the proposal for remodelling the existing 
Anderson Weir eat Rhondia was also considered. Ordi- 
narily it seems rational to use theexisting Weirat Rhon- 
diz in the new scheme efter proper remodelling. But 
this weir has been dameged severely more than once. 
Its present condition is so uncertain that it will be 
unsafe toconsider subjecting it,evenafter remodelling, 
to higher heads for obtaining greater command. In 
case of damage during the operation of the scheme, 
irrigation of the whole area would be upset. Moreover 
this being a weir regulation will not be flexible. 


When it was further decided to explore the pos- 
sibility of combining navigation as an additional 
feature, a site at Ranigunge was given due considera- 
tion on account of it being located adjacent to the 
Ranigunge Coal Field which could, then, be easily 
linked up with the Hooghly by means of a navigable 
canal. 


The Coal Mining Association did not consider that 
such a barrage with a navigation canal at Ranigunge 
would meet the requirements of the local mining in- 
dustry for the following reasons: 


While the Ranigunge Coal Field despatched only 
a portion of the coal for Calcutta, an equal if not higher 
tonnage, is despatched from the Jharia Coal Fields 
located 30 miles upstream of Ranigunge. The naviga- 
tion canal should therefore, extend upto Jharia 
as well. 


Colleries are not as a rule situated on the river 
bank and. hence so many feeder channels have got to 
be excavated extending right upto different coz1-fields. 


The construction of ropeways as feeders does not 
seem worth considering the relatively small volume 
of coal that is to be carried over a distance of 10 to 12 
miles. 


By D. MOOKERJEA 


There is a possibility of coz] near the canal being 
locked. up and also of sand for stowing the mines being 
more difficult to obtain. 


Apart from what is said above, the river conditions 
thet are likely to obtain above the barrage after the 
construction of dams, are not likely to make naviga- 
tion possible in the river between the barrage and the 
Panchet Hill Dam. Besides, the undulating terrain 
of the country precludes the possibility of the economic 
alignment of canels which will heve to be carried in 
this part of the country by means of costly cross-drani- 
age works. A rough scheme was drawn up and the 
cost came out 2s prohibitive. 


The feeder canals will have to pass through the soil 
which would be porous and permeable and hollowed 
underground. Loss of water and percolation into the 
mines through the pores, fissures and cracks is a very 
serious possibility. A feeder system of canals, similar 
to railway siding, cannot, therefore, be visualised. 

7 


Navigation: An added Feature 

Nevertheless, the necessity of navigation facilities in 
the lower Damodar Valley has been keenly felt during 
the last World War during which a system of priority 
allocation of wagons for traffic from industrialareas in 
Burdwan, Bankura. and Manbhum to the Greater 
Calcutta industrial area had been in force. An alterna- 
tive means of transport for diverting the coal traffic 
at least would be of positive advantage in an area, 
which has suffered from traffic congestion before, 
during and efter the war. 


Moreover these are some mills located on 
the benks of the river Hooghly starting from the 
proposed outfall of the navigation canal to Calcutta. 
These have got no railway sidings. Hence, it would ke 
of distinct advantage to them to get the coal direct 
by means of barges. Water-borne coal in all probabi- 
lity, will cost the consumer less. 
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What now remains of the Mining Association’s 
objection is not that there should be no navigation 
canal at all but that it should not take off from Rani- 
gunge. Besides, at the very outset it had appeared 
that a barrage at Ranigunge would be able to irrigate 
one lakh acres of land more than the remodelled 
Anderson Weir could be expected to do. 


Investigations had shown that the cost of the Rani- 
gunge Barrage would be excessive on account of long 
unproductive upper reaches of the canals in deep 
cutting and very costly cross-drainage works for the 
depressions. It was also found thet it would be practi- 
cally impossible to construct a right bank canal for 
irrigating the areason the right bank. This was a very 
serious matter as the loss in irrigable area threatened 
to be mote than the gain that had been anticipated. 


Durgapur site had no such defects. Irrigation 
command on both the banks is very satisfactory. 
The solid ground on both banks for the barrage pool 
and. subsequent developmet of industries would be 
possible. Besides, it is clear of the coal field area 
by a safe margin. It was therefore decided to 
construct the Barrage at Durgapur. 


Broad Principles governing the Design of the Barrage 

The maximum observed flood discharge through 
this river is 6,50,000 cusecs. The usual practice in 
India for the design of the Barrage is to design the 
structure for observed high flood discharge and to test 
this for a super-flood, say 20% more than the observed 
high flood. In this particular case due to the construc- 
tion of dams in the upper Valley, flood discharge will 
be moderated considerably. It was estimated by Mr. 
Morgan, the then Chairman of TVA and other experts 
that the design flood at Durgapur from the entire 
catchment should be taken as one million cusees. With 
the Dams at Tilaiyaz, Maithon, Panchet and Konar, it 
has been estimated that a million cusecs flood discharge 
will be moderated to 5,50,000 cusecs at Durgapur. 
It was therefore, proposed todesign the Barrage for a 
flood discharge of 5,50,000 cusecs. 


The Barrage was originally designed for a discharge 
of 20 per cent less than 5,50,000 cusecs (4,60,000 
cusecs) so that this, allowing with 20 per cent concen- 
tration will make a normal discharge of 5,50,000 cusecs. 
The construction of the Barrage was @lso started on 
the basis of the above design. At that stage it was. 
decided that the Barrage should be tested for a design 
flood of 5,50,000 cusecs and for a super flood with 
concentration factor, 20 per cent over 5,50,000 cusecs. 


This contingency had to be provided for, in view of 
the delay in the construction of Maithon and Panchet 
Hill Dams. It would have been extremely risky to 
construct the Barrage without even allowing for the 
known maximum flood discharge. 


The High Flood Level with this design flood was 
fixed from stage discharge curve for pre-Barrage 
condition and this was fixed at 210.2 for a design flood 
of 5,50,000 cusecs at high flood stage. An afflux of 
3’ has been assumed and acecrdingly the water level, 
upstream, has been determined. The upstream water 


level in case of super flood i.e. allowing for 20 per cent 
concentration was found out at 213.00 in the left 
and right undersluice bays and 213.45 in the Weir 
bays. At the low flood stage, a retrogression of 7’ has 
been taken into account as the Board of Consultants 
felt that after the storage reservoirs were in operation, 
the water that would pass out, would be comparatively 
silt free and consequently there is likelihood of heavy 
retrogression. At high flood stage, for a discharge of 
5,50,000 cusecs, a retrogression of 2’ has been consider- 
ed. In case of super flood i.e. with a concentration of 
20 per cent over 5,50,500 cusecs, a retrogression of 1’ 
has been allowed. 


Here it may be mentioned that while scrutinising the 
design of Mayurakshi Barrage (another Barrage in 
West Bengal), Dr. A. N. Khosla expressed the opinion 
that the retrogression in super flood condition should 
always be taken lower than that for design flood condi- 
tion and in that case also for super flood, a retrogre- 
ssion of 1 ft. was considered as advised by him. 


The looseness factor with the waterway provided 
through the barrage as compared to the Lacey’s stable 
waterway comes to 1.145. The drowning ratio is 84% 
in the case of weir bays, 85.7% in the case of left under- 
sluice bays and 86.3% in the case of right undeisluice 
bays. These drowining ratios represent the water 
levels in the case of the design flood of 5,50,000 cusees. 
The waterway provided is 5 spans of 60’ each on left 
undeisluice and 5 spans of 60’ each of the right 
undersluice and 24 spans of 60’ each through the weir 
bays. The width of the piers and divide walls is 7’ in 
each case. There is no fish ladder on any side. 


The downstream floor level has been fixed in such a 
a way that the standing wave always forms on the 
sloped glacis. The level of the downstream floor was 
also checked up in a low flood stage with a total flood 
discharge of 21,426 cusecs passing through the barrage. 
The discharge per ft. run considered through the left 
undersluice bay in such condition is 40 cusecs, and 
through the weir bay 25 cusecs and through the right 
undersluice bay 50 cusecs. The level of the down- 
stream floor required for keeping the energy of flow 
depth downstream has been properly satisfied. 


The depth of the sheet piles has been fixed on 
the basis of the recommendations of the Board of 
Consultants. These are in excess of what is actually 
required for Lacey’s depth of scour. In course of the 
execution of the work it was found that in a certain 
length in the left undersluice bay on the downstream 
side, some clay patch was present at the level of the 
bed of the downstream sheet pile. As downstream sheet 
piles should not end in an impervious layer,the bottom 
of the downstream sheet piles was kept at a higher 
level where there was at least a depth of 3’ of sand 
for efficient release of the pressure on the down- 
stream side. 


The ultimate pond level has been fixed at 211.5 
with due regard to the requirement for irrigation. A 
lower pond level, at present will be sufficient for 
drawing full discharge into the canals. 
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The length of the downstrem floor required to 
dissipate excess energy according to Khosla’s Theory 
for a flood discharge of 4,60,000 cusecs plus 20% 
concentration is 75’ for weir bay, 86’ for left under- 
sluice bay and 88.5’ for right undersluice bay. The 
required lengths corresponding to a flood discharge of 
5,50,000 cusees plus 20% concentration comes out to 
77.75’, 90’ and 92’ respectively. As the construction 
was in progress before the design was revised the length 
of the downstreem floor could not be adjusted. In 
this connection it may be mentioned that these lengths 
did not include a width of 2’ over the pile cap which 
when considered along with the floor length, would 
practically meet the deficit in the length required. 
Moreover, the presence of the staggered friction blocks 
will also provide additional help in dissipating the 
energy. The friction blocks willelso push back the stand- 
ing wave on the sloped glacis and the length of floor 
required on the downstream from the trough hydraulic 
jump will be ample. The spread of the loose protection 
will also provide additional help in dissipating any 
excess energy that may be left. 


The maximum uplift pressure which is at the point 
of standing wave through during the high flood stage 
with a flood discharge of 4,60,000 cusecs and 20% 
concentration (2’ retrogression) is 19.14’ of water in 
the weir bay end 21.45 on the left undersluice bay. 
These figures corresponding toa high flood discharge of 
5,50,000 cusecs plus 20% concentration (retrogression 
1’) comes to 19.09 and 21.17 feet of water respectively. 
After considering the dispersion uplift pressure at 
an angle of 45° through the depth of the raft, it was 
found that the uplift pressure is more than balanced 
by the dead load of the pier groyne, raft and 
roadbridge. Besides this the presence of friction blocks 
will increase the hypercitical depth of water upto the 
jump point which will provide for additional down- 
ward loads and increase the stability of the barrage 
so far as the balancing of the uplift is concerned. 


In designing the foundation, advantage has been 
taken by accommodating a road bridge designed to 
carry I. R. C. class A-A standard loading. The load 
from superstructure and bridge has been calculated 
for empty pond condition es well as for full pond 
conditions, with wind blowing upstream and down- 
stream. Since the live load on the bridge will not 
be the maximum when the severest storm is blowing 
and vice versa the worst of the following combination 
of live and wind loads have been taken into account. 


(a) Maximum wind load with 50% of maximum 
live load from bridge. 


(b) Maximum live load from Bridge with 50% of 
the load from the severest storm. 


The barrage floor has been designed as an R. C. 
Raft foundation in order to negotiate advantageously 
with the considerable magnitude of the uplift pressure. 
The R. C. Slab has been adequately reinforced so as 
to act as a beam over the span between the piers or 
between the groynes and pier extensions as the case 
may be, for the maximum final lead transmitted 


through the piers end ultimately under the raft 
through the soil. The pressures have been reduced on 
the principle of soil line theory. 


As required for proper design the suitable bed protec- 
tion both on the upstream side 2s well as on the down- 
stream side has been provided. Inverted filter concrete 
blocks 5’ x5’ x4’ placed 4” apart on 2’ or inverted 
filter bed has been provided on the downstreem side. 
The length and the thickness of the flexible z2pron has 
been fixed as recommended by Dr. Khosla. On the 
downstream side sufficient quantity of loose stone has 
been provided to afford a cover for a slope of lin3 as 
it was felt that the scour trouble may be aggravated 
due to the river water being desilted in the upstream 
reservoirs. 


Originally no horizontal impervious floor was provid- 
ed on the upstream. As it wes subsequently considered 
that this might aggravate the silt entry into the left 
bank canal, a horizontal smooth floor in front of the 
head regulator and left undersluice wes considered 
essential and accordingly a 100’ wide floor has been 
provided in front of the left undersluice. This floor 
consists of mass concrete 3’ thick and this will render 
additional help in reducing the uplift pressure. 


The abutments have been designed for full hydro- 
static pressure as well as earth pressure. The blocks 
in the flank walls have been designed for 2 moist earth 
fill behind them with an angle of repose of 20°. No 
hydrostatic pressure has been considered in finding 
out the stability of the blocks. 


As determined from the model studies, an additional 
divide wall hes been provided in right undersluice 
bay dividing the 5 undersluice bays into 2 and 3 
respectively. 


The salient features of the Durgapur Barrege are 
given below : 


Salient Features 
(Floating Raft Type with Control Gates) 
Number of Weir Bays (each 60 ft.) —24 
Number of Left Undersluice Bays (each 60 ft.) —5 


Number of Right Undersluice Bays (each 60 ft.) —5 
Total length between the Abutment faces—2,271 feet. 








Pond Level. El 211.5 

Pavement Weir Left Under- Right Under- 

level Sluice Sluice 

Upstream El. 190 El. 188 El. 187 
Downstream El. 184 El, 181 El. 180 
Crest Level El. 196 El. 194 El. 193 
Height of Gates 16 ft. 18 ft. 19 ft. 
Total discharge 5,50,000 cusecs. 
Width of Roadway 


(I.R.C. loading including 


a 3 ft. sidewalk on one side) 25 ft. 
Submerged Area due to Ponding, 
including the River-bed. 4,000 acres. 
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Apurtenant Structures 

Two head regulators have been located on the right 
and left bank of the barrage. Thefe regulators are 
designed to carry 2 head discharge’of 9187 and 2271 
cusecs on the left end right side respectively. The head 
regulator on the left side which carries a head dis- 
charge of 9187 cusees during the Kharif Season is also 
expected to discharge the minimum requirement of 
water during the rabi season without any hindrance 
to the navigation of vessels along the Navigetion 
Canal. 


The head regulator on the lefthand side consists 
of 8 vents of 20 ft. width and ventweys are controlled 
by vertical type stoney gates. The dimension of the 
apron on the downstream side has been designed, 
based on the conditions of the uplift and exit gradient 
that are likely to arise owing to maximum H. F. L. 
in the Barrage. The same conditions have been con- 
sidered for the design of right head regulator also, but 
this head regulator is located at 2 point 2bout 4 mile 
inside the original bank of the river. These two head 
regulators are the control points for the entire canal 
system of the barrage end hence due care has been 
taken to make provisions for gauge walls for the 
determinating levels on the upstream «nd down- 
stream side of the regulators. The discharge in these 
regulators is controlled by means of gates based on 
the water level in the pond of the barrage. 


Bridges, 12’-0” in width, have been provided over 
these regulators with 2 view to cross the canals and 
inspect the same. It will also be helpful for the easy 
operation of the gates 2s well as for the conveyance of 
men and materials to other sides of the canal for the 
proper maintenance of the guide banks of the barrage. 
The bridges are designed for Class ““B” loading with 
R. C. parapet walls on either side. The piers of the 
bridges 2re made up of mass concrete and their ends 
are streamlined to give 2 smooth flow for the canal 
discharge. 


The road bridge over the Barrage, which is 2 vital 
link in the roazd communication between the Burdwan 
and the Bankura Districts, had beentaken up for cons- 
truction when the Barrage was practically completed. 
This is an R. C. Bridge with a clear roadway of 22’-0", 
designed with the worse effects of 2 lanes of I. R. C. 
Class “‘A’’ or one lane of I. R. C. Class ““AA’’. A side 
walk 3’-0” wide has been provided one on side. The 
roadway slab is supported on 2 reinforced concrete 
beams at 13’-11" centres and spanning between 
adjacent piers. The false work had been done with 
vertical props placed on base plates on the river 
sand and connected with bracings. This had a definite 
disadvantage as it did not permit any work in theriver 
bed when there was flow. The alternative method of 
shuttering would have been a dummy pier at the 
centre spanned by suitable steel joists on which the 
shuttering plates could have been placed over suitable 
cross girders. The construction had been taken up in 
January, 1955 and was completed in two working 
seasons. 


The Left Bank Main Canal has been connected with 
the Damodar river by means of two locks, one on the 


upstream of the left afflux bund and the other connec- 
ting the basin with the canal. This basin, almost 
triangular in shape, has been formed in the original 
river bed in between the efflux bund, the criginal 
high bank and the left bank of the Left Benk Main 
Canal. 


Several industries, such as a Steel Plant, 2 Coke 
Oven Plent, 2 Thermel Power Station, etc. have been 
located on the Left Bank of Damodar, immediately 
upstream of the Barrage, with the idea that an 
assured. supply of water both industrial as well as 
domestic could be drawn from the Barrage pool. Supply 
of such Industiial water (ultimate requirement of 
which is 2bout 1000 cusecs) is being effected by a chan- 
nel starting from the above basin, drawing directly, 
from the Left Bank Main Canal at a point about 500 
feet below the Heed Regulator, necessitating con- 
struction of a Cross Regulator across the Canal and a 
Head Regulator for drawing 1000 cusecs discharge. 
The cross regulator has necessitated addition of one 
more lock, connecting the basin and this canal. 


This basin obviously, therefore, has 2n important 
role of providing ample space for berges and tugs 
caught between the two locks (thus serving the purpose 
of 2 herbour), end at the same time effording its capa- 
city to the utilisation of the water supply channel for 
maintaining 2 better regulation of flow. 


Considerations pertaining to such water supply 
for industrial purposes require a supply level of R. L. 
208.00 at the basin, which calls upon maintaining a 
constant Pond level of R. L. 210.00 in the Barrage 
Pool. The Lock, leading from the barrage pool, there- 
fore, hes to operate between the highest water level in 
the river i. e. El. 213.5 and the basin at El. 208.00, 
while the lock leading into the canzl has to operate 
between El. 208.00 and the low water level of the 
canal, El. 205.00. 


Gates and Gearings 

The mein bertage is fitted with 34 control gates. 
The gates are counter-balanced free roller type. The 
weight of each gate will be approximately 32 tons and 
is suspended through a drum fitted with the counter- 
balance box at one end and the top of the gate at the 
other end. The drums et both ends have been connected 
with the driving shaft, which is again connected with 
the central operating gears. There are arrangements 
for both electrical and manual operation and 2 4 H.P. 
motor has been fitted with each gate. The rollers are 
freely suspended and move against a guide path in 
between the gate and the roller path. Everything in 
connection with the gate has been manufactured 
in India except the wire rope, by which the gate is 
suspended, which has been imported. 


A very novel method has been adopted in erection 
of the gates and by this method only it has been 
poasible to erect about 1800 tons of steel in these 34 
gates within a very short time. The materials from 
the assembly yard which was about } mile away. from 
the site of work, were carried in trucks and placed-on 
left bank near a crane which was stationary. A 
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trolley which ectually carried the materials to position 
was moving on top of the flanges of two superstructure 
joists. The trolley was fitted with a smell patrol 
engine. The crane at the bank was loading the 
materials from the track on this trolley and there was 
another mobile crane moving elong the barrage over 
the piers. The trolley carried the materials to a 
particular span for which it was intended and this was 
placed near the mobile crane which was taking it out 
from the trolley and lifting and placing in position 
for the next operation. The river bed transport has 
been practically avoided and this actually hastened 
the progress to a considerable extent. The capacity of 
the cranes was 10 tons each and none of the gates 
parts carried as one unit were more than that weight. 


Before the actual erection of the gates, the grouting 
cill beams and the groovecastings was completed. 
The cill beams for 20 spans and groove castings for 
five had been completed before monsoon of 1954, and 
the rest between November 1954 and May 1955, which 
was really an achievement. The gates were fitted with 
bottom and side rubber seals which have been tested 
under monsoon conditions and found to work 
satisfactorily. The gates have been supplied and erected 
by Messrs. Jessop & Co. of Calcutta. 


The Head Regulator Gates, which are altogether 10 
in number, 8 for the left bank and 2 for right bank, are 
also counter-balance type but with fixed rollers. The 
rollers are fixed with the gate and move against a guide 
at the back. The height of the gates is 8’ each and 
only manuel operation hes been provided. The height 
has been reduced considerably by construction of a 
R. C. breast wall across the head regulator piers. This 
was also completed during November 1954 to June 
1955. 


The subsequent need for maintaining a constant 
pend level in the Barrage pool, in order that an assured 
supply may be effected to the industries, called for 
provision of emergency gates, so that painting and 
repairs to the gates as and when necessery could be 
undertaken without affecting the pond level. 


There was hardly any room left for another set 
of guides in the piers, nor were the existing trestles 
strong enough to hoist and operate usual vertical type 
emergency gates. The only feasible means was, 
therefore, floating Caisson Type gates, and accordingly 
orders have been placed on M/s. Dortmunder Union 
of Germany for fabrication and supply of @ pair of 
such gates. These are barge-like gates, comprising of 
a bottom chamber, w hich, when filled in with water 
ballast by means of valves, operated from the top, 
would capsize and place it vertically against the 
upstream adjacent piers of a particular bey, and 
pressed tight against the same by water pressure 
from upstream face. Timber seals on vertial sides in 
contact against the piers, anda pair cf prpes between 
a flat at the’ bott)m'‘in contact against the upstream 
glacis serve as walter see Is. 

The gates may. again ke floated by the reverse 
proceess of, fillmg in the space between the two 
gates ae me valse through the body of the gate. The 


eh 


normal position of floation is near hortzontal, sc that 
it can be towed to any point for harbouring. 


Guide and Afflux Bund 

The werk in the guide and afflux Lund wasalso taken 
up along with the construction and masonry works 
The material excevated from the foundation area by 
Tractor Scrapers was deposited on this embankment 
within a reasonable limit and the stretches beyond this 
were done by borrowing materials from nearby pits. 
Even where the contractors were doing the embenk- 
ment by menual labout the consolidation wos done 
departmentally. The guide and afflux bund consists 
of a purely sand bank feced with one foot clay topping 
on the slopes of the river side and a rip rap of 2’-6” 
depth on the river side and. 1’-6” depth on the coun- 
tryside. The river has been restricted from 6,000’ 
to 2271’. Both the abutments of the barrage have 
been connected by guide banks on both the banks 
with high ridge on the upstream side which will guide 
the river to its restricted section. To protect about 8,000 
acres of land on the right bank, this guide bank has 
been connected with a protection bund extending 
over @ length of about 2} miles. Since this protec- 
tion bund interferred with 2 local draing Be, ® 2 diversion 
channel had elso been excavated running for some 
length parallel to the protective bund in the country- 
side leading in the river a little downstream of the 
barrage on the right benk. The layout and the slopes 
of these bunds were fixed efter the model experiments. 


Plants and Machineries 

The plants end machineries necessary for the cons- 
truction can be classified under three categories, 
namely (a) Earthmcving machineries under which 
comes Bulldozer, Tractor-Scrapers, Draglines etc. 
(b) construction equipments such 2s sheet piling machi- 
nes, concrete mixers, light railway materials, compres. 
sors, vibrators, concrete pouring buckets, cranes, con- 
crete cutters etc. and (c) Diesel and Electric Pumps. 
Besides 2 small Workshop properly equipped was also 
necessary for maintenance of construction equipment 
to keep them in good running order. 


The excavation in foundation which was mainly 
coarse river sand was dependent on Tractor-Scrapers. 
The excavation on the other hand had to be done 
mostly under water as it was impossible to keep the 
bed absolutely dry. This work by manual labour 
would not have been possible 2nd would have worked 
out most uneconomical. Theaverage haulage distance 
was 400’ to 500’ and the total volume of sand thus ex- 

-avated would be nearly 2,20,00,000 cft. Pushers were 
engaged along with the "Tractor- Scraper during excava- 
tion to accelerate the progress. It was found that a 
pusher can cope with about 4 Tractor-Scrapers.in this 
operation. Clay patches were met with during ex- 
cavation where tractor-scrapers were found unsuitable 
and recourse to dregline had to be taken. Of course 
this was negligible compared to the total volume of 
sand remeved. Bulldozers were also engaged for 

aking upring bundsand helping the Tractor-Scrapers’ 
in spreading the earth excavated and deposited as 
spoil. Small clamp shells was considered absolutely 
necessary.for excavation inside sump wells. 
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Three sheet pile frames were engaged for the sheet 
piling. Air compressors were necessary for working 
the Me. Terry Hammers etc. for driving the sheet 
piles. A total volume of 2,29,000 sft. of sheet piling 
has been done in the construction of the barrage. 


Conerete for the R. C. Raft during the first two 
seasons, which was done departmentally, was mixed 
in a central mixing yard in a battery of one cu. yd. 
electrically driven mixers and was conveyed in buckets 
over a narrow gauge track. Lifting the buckets and 
pouring in position were done by cranes. Concreting, 
which was done by other agencies, were mixed in 
smaller concrete mixers at suitable places and carried 
and laid by baskets on headload. Pneumatic Vibra- 
tors were mainly used for vibrating this concrete. 


Dewatering was mainly dependent on electric 
pumps and the maximum water pumped from the 
excavation pit at a time will be 34 cusecs measured at 
the delivery end. Most of the electric pumps were of 
1} cusecs capacity and were practically trouble-free. 
Diesel pumps were also kept as standby. Small 
self-priming pumps were working at places where 
pocke» pumping was necessary. Well points were also 
tried but in a place where open excavation is permis- 
sible the orthodox method of pumping through sump 
well was found convenient and economical. 


The tractors, which were unavoidable for this type 
of excavation, were found to wear out very badly 
particularly the track chains and rollers during ex- 
cavation in sand. Necessary repairs were, of course, 
being attended in the small workshop attached with 
the Project. 


Construction 

The work in the first season was restricted to only 
construction of left bank guide and afflux bund, left 
bank undersluice bays and construction of left bank 
head regulator. The construction in the second sezson- 
was concentrated in the river bed namely, the cons- 
truction of 24 Weir Bays, construction of superstruc- 
ture in the left bank undersluice and 10 Weir bays, 
erection of left bank undersluice gates and erection 
of left head regulator gates. The programme for the 
third season was to complete the works in the right 
bank namely, the construction of right bank under- 
sluice, construction of superstructure for the rest of 
weir bays end right bank undersluice bays, construc- 
tion of right bank abutments end head regulator, 
construction of right bank guide, effiux end protec- 
tive bund including excavation of a diversion channel 
and erection of ell gates. The programme during 
the second and third seasons was very ambitious but 
it was possible to keep up the progress according to the 
schedule. 


A Coffer Dem had to be constructed round the wcrk- 
ing ares to keepit ss.fe from any flood during the work- 


ing period. This was just an embankment made of 
river sand pushed by buldozer. The ring bund was 
being constructed in stages and initially a very low 
embankment wes built up to divert the surface flow. 
Along with the progress of excavation the sand ex- 
cavated from the foundation was being deposited on 
this embankment to make it sufficiently strong to 
resist the pre-monsoon floods. 


The unwatering and excavation of the foundation 
went side by side. Along with the excavation sufficient 
number of pumps were installed to keep the area under 
excavation dry. This was not, entirely, possible and 
the machines had to work more or less in a foot of 
water during the period of excavation. For dewater- 
ing the orthodox method of sump well was resorted 
to as it was found more economical than the well 
points. Lowering of the water level in the river had to 
be done in stages as the foundation excavation was in 
progress. The pump houses which were placed initially 
at the river bed were also being gradually shifted so 
that the suction head could be maintained within the 
workable limit. Due consideration was made in selec- 
tion of the low stage pump houses and these were 
constructed at the highest possible level so that in 
case of any failure these pump houses may not be 
submerged causing damage to all the pumps. For- 
tunately no such serious trouble was met with during 
construction. There was a tendency of these sump 
wells getting choked by the flowing sand and a clamp 
shell was engaged to keep them clean. Every care was 
also taken to keep some defined channel for the surface 
flow in the excavated area by means of sand bags so 
that the flow of sand in the sump wells could be mini- 
mised. 


As the work was nearing the right bank abutment 
there was considerable difficulty regarding dewater- 
ing. The flow of the seepage water by that time was 
restricted and during concreting, it was observed that 
large springs were coming up in the foundation area. 
Special pipes were inserted during concreting cf the 
raft for release of these springs which were subse- 
quently grouted by cement slurry under pressure 
after the raft concrete matured. To start with, the 
pressure was kept at 5 Ibs. per sq. inch. and these were 
sealed and tested at the final stage under maximum 
30-35 lbs/sq.in. of pressure. The grouting pipes were 
taken out as far as possible after the operation was 
complete. 


The construction of the barrage which is incidentally 
one of the largest barrages in India took nearly two and 
a half working seasons. The barrage was inaugurated 
and dedicated to the service of the Nation of the 
9th August, 1955. 


[Read at a Symposium under the auspices of the 
Bengal Centre of the Institution of Engineers (India) at 
Kharagpur in September 1958). 
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The world over, telephone exchanges RRs 
are using Pg batteries. . 
Inset: An installation of ‘Standard’ 
SPg Stationary Batteries 


TECHNICALLY the finest storage batteries today, 
‘Standard’ SPg Batteries incorporate two exclu- 
sive features: the Pg Tubular Positive Plate, and 
the ‘MITEX’ Microporous Rubber Separator with 
spun glass-wool mat reinforcement. 

These two great battery developments consider- 
ably increase power capacity, offer far longer life 
and eventually lower battery costs per annum, 
compared to conventional batteries. Always 
specify ‘Standard’ SPg Batteries. 


i$TB. 7169 


For assured power supply... 
For uninterrupted service... 





choose Standard SPg Batterie: 


‘Standard’ SPg Stationary Batteries for 


telephones, telegraphs and carrier systems, power- 
hotises and receiving stations, switchgear control, 
ships, fishing boats, lightships, emergency lighting 
for hospitals, lighthouses and laboratories, ensure 

i complete reliability where 
; very high rates of discharge 
hare required. Specially suit- 
1 able for use on float systems. 






Standard Batteries Lid., Bombay 25 
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A-synchronous Hydro-Generator 
For Power Development in North Bengal 





In implementing power projects under first and 
second Plans and also the future power projects in India, 
attention has been concentrated on large scale hydro 
power generation which involves complicated techni- 
cal problems with ultimate high capital investments. 
Smaller attractive hydro-electric power sites are 
being overlooked which however can be developed 
with simple generation systems, such as induction 
generators. Induction generators can be installed for 
the utilisation of comparatively small sites below 50 Fr 
head which have previously been neglected. Besides 
because of the inherent simplicity and reliability it has 
been frequently found economic to install induction 
generator having outputs ranging from 20 kW to 
2500 kW. 


Sub-Himelayan region of the State of West Bengal 
has considerable hydro-power potential, even from 
smaller river runoffs. Construction of large dams for 
the storage of water is very problematic because of 
the high seismicity of the region, large depth of over 
borden difficulty in getting consistent bed rock on 
which heavy structure can rest, typographical, 
transport and most of other difficulties. The northern 
part of the State is industrially backward mainly 
due to the non-availability of cheap electricity and 
transport facilities. 


Increase in the cost of coal will make the hydro power 
development more attractive and with the completion 
of planned projects such as the Jaldhaka Hydro Elec- 
tric Projects there will be sites near the transmission 
lines with abundant hydro electric prospect and the 
generation of low-cost hydro electric energy with use 
of semi-outdoor induction generator should be given 
careful consideration, to form an economic addition to 
the capacity of existing large synchronous generating 
stations. 


Induction generator in any hydro electric plant 
must normally operate in parallel with the existing 
grid system from which it can draw its excitation 
current. Such a fully automatic plant will reduce 
the investment of capital and also the operation and 
maintenance cost. 


By B. N. DUTT 


Smaller capacity induction generating plant connected 
tolarge systems are not generally required to regulate 
the speed. The induction generators being connected 
to the network, whose voltage and frequency are 
controlled by the power system, the turbine governor is 
omitted and a simple motor-operated device to open or 
close the guide vane or nozzle opening of the turbine is 
provided. For large turbine solenoid or motor-operated 
oil valves are used in conjunction with servo motor and 
a simple oil pressure system. By means of time switch 
or a float-level device the operation of gate mechanism 
can be controlled and thereby the operation of the 
unit can be arranged during the peak periods or for 
continuous operation. Where a continuous discharge 
for minimum stream flow or where there is sufficient 
storage of water to operate the turbine at full discharge 
during peak Joads or longer periods is practicable, the 
turbine wicket gates and gate machanism can be 
omitted with further reduction of the turbine cost and 
maintenance expenses. The turbine out-put will be 
constant at any head and its discharge is controlled by 
head gates at the intake of open flume or by means of 
shut-off valve in the penstock. 


Sudden loss of electric load on the generator will cause 
quick acceleration of the units speed but the generator 
and the turbine rotating parts must be designed to 
withstand full run-away speed for relatively long 
period. This is, however, not a problem since hydro 
electric units are usually designed for such operation 
and some form of simple overspeed device can usually 
be fitted to shut down the turbine slowly in the event 
of racing. 


The adventages of induction generators are:— 


. Occasional plant inspection. 

. Simple layout and easy control. 

. No exciter, governor and voltage regulator. 
. Free from electrical overload. 

. Low short circuit current. 
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A- SYNCHRONOUS GENERATORS WITH 
GATES AND GOVERNORS. 


B- INDUCTION GENERATORS WITH MOTOR 
OR OIL OPERATED GATES BUT NOGOVERNOR. 


G=- tHDUCTION GENERATORS WITH NO 
GATES AND NO GOVERNOR, 


6. Simple protective equipment. 

7. Reliable supply 

8. Higher speed due to the absence of salient pole 
pieces and therefore low first cost of generator. 


The disadvantages are:— 


1. Supply of magnetising currentfrom the connected 
system. 

. Low power factor at light loads. 

Requirement of capacitors. 

. Uncontrollability of bus vcltage. 


im 2 ND 


In large interconnected systems the larger hydro 
and steam generators provide the regulation and 
necessary kilowatts and therefore the voltage regulation 
is not necessary. 


The relative cost of synchronous generators with 
induction generator is shown in the figure. 


Operation 

The head gate is opened and all the protective devices 
set. The generator breaker is left open. The turbine 
gate is opened automatically at a pre-set load position, 
the turbine is run up to synchronous speed. When the 
unit reaches synchronous speed the generator breaker 
is closed which is then connected to the bus. In an 
inductor motor the flow of power is from stator to 
rotor whereas in an induction generator the flow 
of power is from rotor to stator. The magnetising 
current for the generator rotating field is drawn from 
the system. If the speed cf the generator is very close 
to the synchronous speed, no wasteful component of 
power is drawn from the system. When the machine 
is switched on the guide-vane or nozzle operating the 
turbine is then slowly increased which runs at a speed 
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higher than synchronous and it starts to feed power 
into the system as generator, 


The final gate position is determined by a time switch 
which causes the gates to continue opening to the deter- 
mined load position. The time switch will regulate 
the generator output by changing the gate position. 


During the shut down of the machine the gate is 
closed first until the generator drops down below the 
synchronous speed. In cases of emergencies due to 
operation of relays the breaker is tripped first. This 
will cause overspeed of the machine until the gate is 
closed. 


In case of any fault on the transmission system caus- 
ing the loss of bus voltage, an undervoltage relay 
opens the breaker and the gate is closed automatically. 
When the transmission line is closed again and the bus 
voltage returns, the normal operation of starting the 
machine is repeated again. 


The maintenance cost of aninduction power plant is 
low and its output can help supply the distribution 
systems in the adjoining areas, thereby reducing 
the transmission losses. 


This type of hydro electric plant can be remote 
controlled from attended power house. 


For the development of electricity in the North 
Bengal, the economic development of many compara- 
tively small water power sites by the installation of 
induction generators to form adjuncts to bigger hydro 
stations like Jaldhake is being explored. The limita- 
tions of this class of equipment such as its inability to 
operate independently or to contribute towards power 
factor control will be offset by the low cost of 
installation, simplicity and reliability. 














Economic and Optimum 


Utilization of Irrigation Supplies 








With the introduction of irrigation facilities to meet 
the water requirements of crops, problem arises as to 
how the available supplies should be utilized with 
economy. Excessive use of irrigation water might 
result in serious problems like soil depletion, salt 
accumulation and water-logging which inadequate 
supplies result in low yield of crops. 


Intensity of irrigtion depends upon various factors 
viz.—Topography of land and type of soil, weather 
conditions and pattern of crops grown. Soils surveys 
are, therefore, usually included in all the Irrigation 
Projects so that soil conditions are studied on scientific 
lines for rational utilisation of irrigation water. The 
results of soil surveys conducted in commanded area 
of the proposed Gandak project in Bihar and in Pusa, 
Samastipur and Begusarai areas to be irrigated by 
tubewells have been briefly described in this paper. 
Another aspect of the economic utilisetion of water is 


By R. L. DEWAN 


One sample was taken from every foot depth except in 
the first foot where two samples were collected at a 
depth of 6” each. 


The test results of soil samples have shown that 
although different types of soil varying from sandy to 
heavy clay loam are found all over, the area may be 
broadly classified as sandy loam with soil crust of 
variable thickness. The summary of results is given 
below in Table No. I. 


Table No 1 





to explore some suitable materials for lining the large 
net-work of irrigation channels at low cost for saving 
costly water from being lost through seepage end also 
prevent water-logging. 


Experiments have been conducted to assess seepage 
losses in canals and tubewell channels and the results 
of such observations are givenin this note. Measures 
for control of seepage loss are also discussed in the light 
experiments conducted on lining of tubewell channels 


Water requirements of Crops 
The water requirements of 2 crop depend upon three 
main factors, viz.- (1) Soil factors, (2) Weather factors, 
and (3) Plant factors. 








Classi fication. Area in lakh Percentage of 
acres. area to total 
area. 
1 2 3 
1. Light texture 19.77 68.28 
(sandy and sandy 
loam) 
2. Medium texture 6.03 20.21 
(Silty Loam and 
sandy clay loam) 
3. Heavy texture (clay, 4.03 13.51 


clay loam and silty 
clay loam) 





Soil factors: 

The soil should be well drained but not so loose that 
the water may be lost through seepage. Loamy soil 
rich in organic matter is quite good for agricultural 
purpose. Scientific surveys are thus essential for 
classification of soils. About 32 lac acres of land in 
North Bihar comprising of Saran,Champaran,Muzaffar- 
pur and Darbhanga districts have been surveyed. 
Soil samples were collected from representative sites- 
one site for every 4400 acres upto a depth of 10’. 


On account of light texture of topsoil, the losses of 
irrigation water in the commanded area would have 
been high with theintroduction of canal irrigation but 
the high pH value due to incidence of fairly large 
amount of free CaCO, is expected to increase the water 
holding capacity of soil to a considerably extent. 
The results pH value and CaCO, are given in the 
Table below :— 
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TABLE No. 2 





Percentage Free CaCO, AreainLakh Percentage of area 





acres to total area. 
1. Below 5% 6.85 22.82 
2. From 5% to 10% 3.97 13.23 
3. From 10% to 20% 4.77 15.90 
4, Above 20% 14.42 48.05 





TABLE No. 3 





Range of p# Area in Lakh Percentage of 





acres. area to total 
area. 
1. From 6.5 to 7.5 0.94 3.12 
2. From 7.5 to 8.5 9.63 32.0 
3. From 8.5 to 9.0 13.08 43.46 
4. From 9.0 to 9.5 5.85 19.53 
5. Above 9.5 0.57 1.89 





Further studies have shown that 2 major part of the 
area is free from excessive salts except at certain 
depths of soil profile at a few siter exhibiting localised 
salt accumulation. Thus the possibility of salt accu- 
mulation setting in during the post project period is 
very remote and excessive waterings in such soil are 
not necessary for washing away the hermful salts. 


Similar soil surveys were conducted on an intensive 
scale in Puse, Samastipur end Begusarai areas in 
North Bihar in connection with the construction of 
150 tubewells under T. C. A. Programme. It has been 
found that the soils in general are highly celczrious 
with calcium 2s predominant base in the exchange 
complex. Light texture of the soil associated with free 
CaCO, accounts for good permeability of the soil. 


Weather factors: 

The amount of water transpired by a cropis control- 
led by the meterological conditions prevailing-eve- 
porating power of the air and rainfell. Crops growing 
in summer will tend to have heavy water demands as 
they have to grow through the period of maximum 
transpiration. On the other hand, the crops growing 
in a period of less transpiration will require compara- 
tively less of water to grow. In planning economic 
irrigation, therefore, the transpiration ratio of crops 
to be grown should be predetermined by experiments 
in all the irrigation projects. 


The requirements of irrigation water will be less in 
areas of heavy precipitation particularly if the precipita- 
tion occurs during the period of plant growth. How- 
ever, in areas of heavy rainfall, periods of drought 
during the growing season sometimes cause serious de- 
crease in crop yields and provision of irrigation water 
in such period is highly profitable. 
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Plant factors: 

Deep rooted crops like wheat, barley and gram 
require less water to grow and shallow rooted like rice 
and sugarcane require more waterings becausein such 
crops the surface water is lost by evaporation and has 
to be compensated by irrigation for proper growth of 
crop. 


Methods for Economic Use of Irrigation water 


Water conservation: 

As the artificial irrigation resources have not yet 
been fully developed in this country, the natural 
precipitation which occurs during a few months of 
monsoon only in the whole year, should be conserved 
in the field as far as possible. Following are some of 
the important measures which are recommended for 
this purpose:— 


(a) Making of fairly high Bunds around the fields 
and levelling the fieldsin order to equalise the 
absorption of water. 


(b) Soil surface to be kept in rough condition after 
every rainfall by ploughing, and harrowing 


to absorb the maximum amount of water. 
Manuring and other rotational practices like 


green manuring to increase water holding capa- 
city of the soil. 


(c) 


Reduction of seepage losses in irrigation channels: 

A. Assessment of Losses: Investigation have been 
made of the loss of feirly large volume of water in 
Patne canal near Dehra lock which is akout 12 miles 
away from the Reroon Headworks on Sone river. 
Discharge observations were taken at an interval of 
ith mile within that stretch and the results are 
shown in Statement No. 2. There has been 2 loss of 
95 cusecs in the stretch from 112 to 118th mile. 
The above observations were taken when the canal 
discharge was low. Further observations were, there- 
fore, taken ata discharge of 2,300 cusecs and the re- 
sults are shown in Statement No. 3. It has been found 
that an extraordinary loss of about 300 cusecs occurs 
within the half mile stretch from 11 to 114 miles. 


Similar observetions of seepage losses were taken in 
Arreh Canelalsoand the results are given in State- 
ments 4 and 5. It will be interesting to note that there 
is 2 wide range of variation in seepage losses in differ- 
ent reaches of the cenal. Less in cusecs per million 
sq. ft. of wetted perimeter of the cena] varies from ] to 
25. There is a total loss of about 60 cusecs for a dis- 
charge of 646 cusecs over a 10 mile stretch. 


Experiments have been conducted in tubewells 
channels also to assess the seepage losses and the 
results show that the losses vary from 12.3% to 20.9% 
depending on variation in soil texture and local condi- 
tic ns. 


B. Control of seepage losses by lining:— In view of 
the considerable loss of ecstly water in irrigation chan- 
nelr due tc seepage and percolation, attempts have 
been mode to explore some suitable impervious 


materials for lining of small earthen channels. 
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The usual practice of lining is to provide a layer of SrateMENT No. 1 
3” bricks built in lean cement mortar—6:1. Because yi charge at Different Points in the Main Patna 
of its cheap initial cost, this specification has been Canal between Baroon Head Regulator and 
adopted on a liberal scale but in course of time it has Dehra Lock 





been experienced that such lining not only requires 

: : & ; _ Sl.No. Date of Distance from Discharge Difference in dis- 
constant maintainance due to repairs of cracks develop of Sec. observa Baroon Head incusec. charge from the 
ing along the cement joints but is not sufficiently pa Regulator. preceding sgebit 

















effective in reducing loss of water. Experiments have in cusec. 
therefore been done with Bituminous carpets prepared | 1 2 wes aR Sea 
pets prep RS. aes RN, CMRI ec Pre 
with cement, sand and asphalt of 1” thickness under 1. 20.12.55 5/8 mille 1290.0 — 
different specifications laid direct on consolidated 4 ” ‘ ? — mony oe 
earth bed of the channel as well as on 1/2” cement ry ” 1 ve a 1390.0 55 
plaster 1:8. The results of field permeability tests 5. 23/8 miles 1250.0 —70 
are given in Statement No. 6. 6. Rk 27/8 miles 1270.0 20 
7. 99 3 3/8 miles 1305.0 35 
8. 99 3 7/8 miles 1265.0 —40 
It will be seen that 1” sheet asphalt made up of 9. oe 43/8 miles = — ey 
85% sand, 7.5% cement and 7.5% Mexphalte 30/40 » 21.12.55 53/8 —_ a. = 
over 1/2” cement sand plaster has given encouraging 12. a 5 7/8 miles 1265.0 20 
result specially when the surface is finally sealed. A 13. mt 6 3/8 miles 1355.0 95 
stretch of 103’ lined with this specification has been 14. ” ; 7/8 miles 1310.0 —45 
found to reduce seepage loss to 0.012 cft. per sq. ft. nm ” 7 7/8 — ety ae 
of the wetted area in 24 hours of 74 gallons per hour 17. a. 8 3/8 miles 1315.0 10 
per mile length of the channel. The experimental cost 18. ra 8 7/8 miles 1240.0 —95 
of such lining has been worked out at Rs. 38/14/- = ee 97/8 a 1970.0 95 
: 29). RY Se 20. os miles 270. 25 
per 100 sq. ft. as compared to Rs. 32/- for brick lining. 21. . 10 3/8 miles 1250.0 99 
22. ra 10 7/8 miles 1255.0 5 
P ‘ P , 23. ” 11 3/8 miles 1135.0 —125 
When the same specification was laid direct over 24. a 11 Ve miles 1145.0 10 
earth surfece, seepage loss was considerably high 
amounting to 0.342 cft. per sq. ft. when unsealed. STaremEnt No. 2 
The cause of this might largely beattributed to small ? 
cracks developed by the shooting up of weeds through Remap arene a ee weal 
the bituminous carpet from the soil underneath. Ex- . . . — 
periments were therefore conducted to select 2 suitable SI. Date of Discharge from Discharge = Sference in ei 
soil sterilant which when mixed with soil underneath % — servation. ee — steeenaniahe poco per 
the lining might serve as a protecting layer against in cusecs. —_ 





damage of weeds. It has been found that 0.6% by 1 2 2 ¥ ’ a 5 
weight of shell lellenge oil when mixed with soil is iy SRA. 























an effective soil sterilant and possesses comparatively 1. 2.2.56 10 7/8 miles — 760.0 ~ 
high fixation capacity than other weed-killers like 3 2.3.56 1, miles 08 — 

= ; 3. 2.2.56 11 1/8 miles 730.0 —20 
copper sulphate, sodium chloride, fernoxone etc. 4. 23.56 11 2/8 miles 725.0 Bir ~ 

5. 2.2.56 11 3/8 miles 630.0 —95 
The economics of the bituminous lining and the SrateMENtT No. 3 
oun ac ae aE “ig a been worked out and is Seuthsate Measurement ey ee a 
; roon to Dehra Lock 
It would appear from the statement that the total <a Pence Mg co  -swer§ gta yg = 

loss of water in an unlined channel amounts to 1,88,59, Regulator. preceding points 
162 gallons per year per tubewell which is sufficient ___ PL alee Glo alae in cusecs. 
to irrigate 76.57 acres of additional land. There is 1 2 * Dae 4 s 
thus a loss of Rs. 1,305/- per tubewell annually in . ae i = po - 
land revenue due to seepage loss. On the otherhand, 3. 26 3 ba 2350 20 
in bituminous lining there is a net profit of Rs. 168/- ri vi 4 miles 2350 0 
per year per tubewell in the form of revenue 5. “i 5 miles 2310 —40 
to the Government after teking into account the 6. ” 6 miles — == 
cost of lining, interest on capitel outlay and main- - 97.5'56 pr 2240 in 
tenance charges. This, however, does not include ee aes 9 miles 2190 —50 
the natural gain in the form of crops grown in 10. v 10 miles — 2180 —10 
additional area which will be provided with irriga- 5 r a 1/4 —_ re —— 
tion facilities by the water already avzilable in 13. 7 10 3/4 ee 2110 —10 
the existing tubewells. This magnitude of benefit 14. Ys 21 enfles 21000 —10 
to be derived by lining the village channels with 15 ~ 11 1/4 miles 1980 —120 
Bituminous carpets as a measure against seepage “4 m 3/4 = a > 


loss, is thus quite spectacular. 
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STaTEMENT No. 4 StatEeMENT No. 5 
Discharge at Different point in the ‘Arrah Canal’ k 
Between 6th to 16th mile (Nashriganj) Showing the Loss of Water in Arrah Canal 
Sl. No Dateof Distance from Discharge Difference indis- Sl. Distance from Wetted Perimeter in Loss in cusecs per 
of sec. observation. Dehri. in Cusecs charge from the No. Dehri sq./ft. in between the ‘million sq./ft. of 
preceding point Sections Wetted Perimeter, 
in Cusecs. 
ethiatgetigcin alee ideaoes 1 2 3 4 
1 2 3 - + ie 
= 7 miles 144 5280 25 
1, 14,1.57 6 miles 646 ° 2. 8 miles 141 5280 20 
9 : yn 9 
2. ” 7 miles 626 -” 3. 9 miles 137 5280 4 
S. a 8 miles 611 15 ; a a 
4. ee 9 miles 608 3 4, 10 miles 136 5280 4.5 
5. =: 15,1.57 10 miles 604 4 5. 11 miles 130 5280 5.5 (gain) 
6. _~ 11 miles 599 5 6. 12 miles 135 5280 —4 (gain) 
7. 7 12 miles 603 —4 7. 13 miles 144 5280 2 
8. ” S mae = 8. 14 miles 125 5280 ul 
9. a 14 miles 600 1 mee 5 al 2 
10. fs 15 miles 585 15 9. 15 miles 135 x 5280 15 
11. 9 16 miles 586 14 10. 16 miles 135 x 5280 14 
StaTeMENT No. 6 
Showing the Comparativ Costs of Different Types of Lining and Seepage Losses 
Sl. Total lossin Evaporation Seepage loss in Gallons of Gallons of Water Cost per 100 
Ne. Speci fication of lining. eft. per sq./ft. loss in cft. eft. per sq./ft. waterload in lost in one mile sq. fi. 
per sq./ft. one mile length per hour, 
of channel in 
24 hours. 
i LS SES SRR aee Teac a Sea BURPBEC 
3. 1” Sheet asphalt (80% sand/10% 
cement 10% Mex. over 1” cement 
sand mortar. sealed 0.025 0.015 0.010 1480.25 61.67 Rs. 48/2/- 
2. -do- undealed 0.126 0.015 0.111 16430.75 684.60 Rs. 45/5,- } 
3. 1” sheet asphalt (85% sand/ 
71/2% cement/7/1/2% Mex.) over 
1/2” cement plaster, sealed 0.027 0.15 0.12 1776.30 74.01 Rs. 38/14/- 
4, -do- -do- unsealed 0.137 0.015 0.0122 16578.78 690.7 Rs. 36/1/- 
5. 1” sheet asphalt (80% sand /10” 
cement /10% Mex.) over earth 
surface primed. Sealed. 0.101 0.015 0.C86 12730.13 530.4 Rs. 42/2/- 
6. -do- -do- Unsealed. 0.250 0.015 0.235 34795-75 1449.4 Rs. 39/5/- 
?. 1” sheet asphalt ( 80% sand/10% 
cement /10% Mex.) over earth 
surface unprimed, sealed. 0.275 0.015 0.260 38488 .45 1603.6 Rs. 39/8/- 
8. -do- -do- unsealed 0.377 0.015 0.342 30624.48 2109.3 Rs. 36/11/ 
9. Mastic groutings 3” brick 
lining, sealed. 0.067 0.015 0.052 7697 320.7 Rs. 31/5/- 
10. -do- -do- unsealed 0.233 0.015 0.218 32260.40 1344.5 Rs, 28/8/- 
ll. 3” brick lining in cement mortar 
1:6 with surface, sealed 0.126 0.015 0.111 16430.75 684.6 Rs. 34/13/- 





12, -do- -do- unsealed 0.161 0.015 0.146 21611.6 800.4 Rs. 32/-/- 











os 
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STtaTEMENT No. 7 


Showing the Economics of Lining of Tubewell Channels 

















Unlined Earthen Channel lined with 1” sheet Asphalt 3 inches Brick 
Channel over 1/2” Cement : Sand Plaster Lining. 
1. Loss of water through seepage per miles per 
hour. 5,690 74.01 800.4 
2. Total loss per Tubewell per year in Gallons. 1,88,59,162 2,43,271 26,30,915 
3. Water saved per tubewell per year as compared 
to unlined channel — 1,86,15,891 1,62,28,247 
4 Additional acrage which can be commanded 
out of savings in water per tubewell per year _ 75,39, acres 65.72 acres, 
5. Cost of lining _— 27,710/- 22,809/- 
6. Interest on capital outlay at the rate of 3 1/2% — 930/- 798/- 
7. Maintenance cost per tubewell _ 130/- 450/- 
8. Additional revenue on the water saved per 
tubewell per year. — 1,288/- 1,123/- 
9. Total expenditure on lining per tubewell per 
year. a 1,120/- 1,248/- 
10. Net profit in the form of land revenue per year. - 168/- 125/- 



























ATLAS COPCO ROCK DRILLS and 
SANDVIK COROMANT STEELS 
give maximum efficiency in Rock Drilling 


Coromant drill steels, fitted with tough tungsten carbide 
inserts, are exceptionally hard-wearing, even on very 
hard rocks. . With a higher cutting and staying 
power than any other conventional jumper, these 
drill steels work most efficiently with Atlas 
Copco Rock Drills. 

Enquiries to: 


VULCAN TRADING CO. 
PRIVATE LTD. 
19, British Indian Street, Calcutta. 


RETR 


s \, Other offices at: 
~ Copco Bombay Madras New Delhi 
WZ 


VTC-30 








Irrigation Policy : Considerations 
in Planning 





Considerations for inclusion of major and medium 
irrigation projects in the plan have been set down in 
Paragraphs 83-85 of chapter XXVI-Irrigation and 
Power—of the First Five Year Plan and also in 
Paragraphs 9-12 and 19 of Chapter XVII—Irrigation 
and Power—of the Second Five Year Plan. In parti- 
cular, it was recommended that the Central and 
the State Governments should undertake a careful 
survey of the future pcessibilitier of large and medium 
irrigation projects and of minor schemes like tanks 
and wells; and that, in each region the question should 
also be studied as to the point at which irrigation may 
cease to be economical and the adoption of dry-farming 
methods become preferable. It was also suggested that 
the investigations which are necessary for drawing up 
future plans of development of irrigation, should 
provide a correct appreciation of the pessibilities of 
development in the three directions viz. how much 
irrigation can be developed under large and medium 
irrigation works; what are the possibilities of 
developing irrigation under minor irrigation works 
wells, etc.; and thirdly the scope for adopting dry- 
farming techniques, contour bunding, arrangements 
for preservation of soil moisture, ete. 





Broadly speaking the following considerations 
and principles should be kept in view while formulating 
an Irrigation Plan for India as whole, in the over-all 
context and nature of things obtaining at present:— 


(t) Projects which will add to the food production 
in the country must receive priority. 


(it) Region-wise requirements of food muct receive 
due consideration, as ¢lso the needs of back- 
ward or scarcity-affected areas. 


(iit) Attention should be concentrated on expedit- 
ing completion of schemes already in hand 
and those from which benefits in irrigation 
may be realised in adequate measure at an 
early date. 


(iv) Projects which are more remunerative in 
direct financial returns, and in total benefit 
to. the community and those which will vield 
quick results should be given preference. 





By C. 8. PARTHASARATHY 


(v) Labour intensive schemes and those which 
would give scope for a large measure of public 
co-operation and participation should receive 
preference. 


(vi) The schemes should be so designed as to re- 
quire the minimum foreign exchange. ~ 


(vii) Both fer spreading out irrigation benefits and 
for speedier realisation of benefits, preference 
should be given to medium-sized projects. 
Such projects are more labour intensive and 
require comparatively less machinery and 
foreign exchange. 


(viii) Utilisation of flow supplies in a river should 
claim priority over storage. 


(ix) Storage reservoirs should be so designed as 
not to store the entire run-off from catchments 
without taking into consideration future 
water requirements of disadvantageously 
located areas in the upper reaches. Similarly, 
the requirements of areas lower down in a 
river basin should be kept in mind in fixing 
the sizes of storage reservoirs in the upper 
reaches of a river. 


(x) The communication aspects of river waters 
have also to be given due consideration and 
the possibilities cf economic development of 
waterways for navigation should also be 
explored. 


(ai) In certain regions, substantial supplies may be 
available from the underground waters. These 
should be utilised for irrigation ofareas which 
cannot be economically irrigated by canals or 
in regions which cannot be commanded by 
gravity canals or in areas which are susceptible 
to water-logging or where irrigation by tube- 
wells may be preferable to irrigation by canals. 


[Continued on page 26 
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there i$ 4 


GOODYEAR HOSE 


for every job and a 


GOODYEAR 
CONVEYOR BELT 


to ¢arry any material 









quickly and economically 





Long length, low, medium and high Goodyear Conveyor Belts, by quick 
pressure suction and Ceilivery hoses for transportation of bulk quantities, 
water and oil. Also for air, spray, offer the lowest cost per ton per 
welding, cement grouting and sand mile. 
blasting. 
| , INDUSTRIAL 
t 
GOODSYEAR <_8) = 
| DEPARTMENT 


PSP 6 
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POWER—MANOEUVRABILITY 


In India today, with its growing industrial might, 

Coles Cranes are on the job night and day helping build 

factories, steel plants—working on multi-purpose projects. 

In the busy ports of India, Coles Cranes are extensively 

used because of their high degree of reliability, accuracy 
and manoeuvrability. 


=§ 
OLE THE NAME THAT CARRIES WEIGHT 


TRACTORS (INDIA) LIMITED 


TYP/103 1, Taratolla Road, Garden Reach, Calcutta 














Rivers of West Bengal 





The hills along the north and western part of West 
Bengal give rise to numerous streams—large and 
small and diverse in character. These rivers, flowing 
over the plateau and the extensive plains of Bengal, 
often unite in their downward courses and ultimately 
meet the sea. The principal rivers of West Bengal are 
of allogenic type,—they have their sources in the 
distant hills end mountains. Apart from the Ganges 
which has its origin near the Gongotri Glacier of the 
Garhwal Himalayas at about 23,000 ft., most of the 
rivers are either fed by rain water or by snow. 


These rivers can be broadly classified into three 
types: (i) the torrential rivers of the western plateau 
or the western type, (77) the Himalayan rivers or the 
northern type, and (ii?) the deltaic rivers and tidal 
rivers or the southern type (Fig. 1). 


The first group is criginated from the Ghatmahals 
of the eastern Chhotanagpur plateau and descends ina 
more gentle slope debouching ultimately inthe Bhagi- 
rathi-Hooghly river systems or the Bay. Though the 
region has completed several cycles of erosion, the 
thalwegs of the rivers have little indice tion of them. 
Recent rejuvenation of relief is to be met with after 
close scrutiny inthe form ofrapids and terraces along 
theriver courses. As a result, these rives have esta- 
blished their own load-volume-slope relationship and 
are fairly well designed by nature to perform their task." 
These rivers have 2 comperatively localised catch- 
ment area (roughly about 25,000 sq. m), consequently 
their flow is torrential during the rains. During other 
months, i.e., November-May, the flow may drop down 
to a mere trickle, which in scme cases, beccme practi- 
cally dry. Over 95% of the total discharge of these 
rivers flows during the monsoon in June-October, 
though peak discharge generally occurs in August- 
September. The Damodar, at Rhondia, has 2 minimum 
discharge of 0 cusec to 2 maximum of more than 
650,000 cusecs, the average annual being 11,000 cusecs. 
The Mayurekshi, another important river, remains 
pratically dry during the pre-monsoon months, but 
carries mcre than 24,000 cusecs in August. Similarly 


t Bagchi K. G. (1955)—-Floods of West Bengal., Geog. Rev. 
Ind., 17,2:33 
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the Kangsebati et Damdi, becomes almost dry in 
January, but has a maximum discharge of over 
39,000 cusece in September (Fig. 2). Even during 
the rains, these rivers carry less water except during 
high floods (lasting for a few hours to a few days) 
when the discharge figure increases out of all propor- 
tions. These rivers carry considerable amcunt of silt, 
though lesser in quantity than the Himalayan rivers. 
The Damodar, at Rhondia, records an average silt 
run off of abcut 28,350,000 tons (which is 1/500th 
of the monsoonal run-off)’. 


Regionally speaking, the most important rivers 
entering into the pleins from the western teblelends 
are : the Torai-Bensloi-Pagla system in the extreme 
north; then proceeding towards the south, we have 
the Brahmeni-Dwarke-Mor system, the Ajay, the 
Damodar, the Dwarakeswar-Silai-Rupnareyan system, 
the Kasai-Kaliaghai-Haldi system the Rasulpur and 
the Subernarekha river in the extreme southwest 
(Fig. 1). All these rivers have their regimes much 
older than the Ganges*. They have been carrying 
vast quantities of sand and silt for centuries and 
have formed the old deltaic plain, lying to the west 
of the Bhagirathi and the Hooghly river. 


Thus the eastern portion of the Burdwan district is 
formed by the Damodar and the Ajay, the western 
portion of the Howreh and Hooghly district by the 
Damodar, the eastern portion of the Midnapur dis- 
trict by the Kasai and the southern portion by the 
Rupnereyen, Haldi, Rasulpur and theSubarnarekha. 
Due to these vast deposition of silts along the river 
bed, the river have often shifted their courses. The 
classical exemple is provided by the Damodar. In 
the course of the lest two centuries, this river has 
changed her course severel times, and has shifted 
fanwise meking Burdwan 2s the apex, and gradually 


2 U. N. O.—Flood damage and flood control activities in Asia 
and Far East. Bangkok, 1950, (p.25-6). 

3 Willcocks, W., — Ancient system of irrigation in Bengal. 
Calcutta University Publcation. Calcutta 1932 (p.12). 
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Fig. 2. Hydrograph of some rivers of W. Bengal. The graphs of the Western type of rivers are drawn ina 
semi-logarithmic scale. Maximum discharge of these rivers occurs during the late monsoon months, 


moved from her former ccurse through Katwa, 100 
miles north of Calcutta, to her present confluence 
with the Rupnarayan, some 40 miles down the city. 
Her present course is similarly being raised up and 
more than 75% of the discharge cf the main river 
are passing through the Kaki river*. This has 
resulted the Rupnarayan to be 2 more important 
river than the Damodar in its lower courses. The 
shift in the course of these rivers and deposition of 
huge amount of silt n them as well as human inter- 
ference in the shape of incompetent embanking and 
river training have resulted in a progressive deteriora- 
tion in most of these rivers. The rivers become choked 
up with sediments and could not carry the extra 
volume of water during the monsoon period. Formerly 
this extra volume ot water was spread over the field 
by overflow systems of irrigation. The decay of such 
irrigation system aggravated the flood problem. 
Marginal embankments were constructed to prevent 
flood. This policy failed as the river beds rise up and 
along with them the water level. This necessitated 





* During 1938, only 6% of the damodar discharge passed 
thorugh the lower reach of the main river, whereas, 94% 
passed through the Kaki river. 


the raising up of the embankments till they reached to 
fantastic proportions. In case of any breach flood 
creates havoc with catastrophic results. These satanic 
chain of embankments are responsible for raising the 
bed of the Damodar more than its adjoining areas, 
resulting in the increase of the frequency of floods and 
have made the areas behind the embankments mostly 
water-logged depressions*. Again, in parts of Hooghly, 
Howrah and Midnapur districts, a number of streams, 
viz., the Kheri, Banka, Gengur, Behula, Kunti, 
Sarasweti etc., some formerly spill channels of the 
Damodar have lost their headwaters by silting or 
shifts of the river course and have become almost 
choked and dead, especially in the dry season. Because 
of the deterioration of these rivers the agricultural 
area 2s well as its productivity has decreased. 


The northern type of rivers have their origin in the 
mighty Himalaya and are generally snow-fed. They 
have not yet been worn down toa maturestage. These 
rivers are characterised by high run-off owing to the 


* The causes of floods in West Bengal will be discussed in more 
detail -in a future article. With the rapid progress of the 
D.V.C. dam and reservoirs, floods are becoming less common 
than the pre-D.V.C. days. 
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Fig. 3. Hydrograph of rivers (Northern Type) of West Bengal. These rivers are characterised by an early 
monsoon peak discharge. The graphs are drawn in semi-logarithmic scale. 


heavy precipitation during the monsoon. On account 
of the steep slope of the hills and poor quality of the 
rocks in the catchment, the silt charge is also very 
high. In the hill, these rivers cut down deep valleys, 
but in the foothills, they negotiate a sudden drop in 
their slopes. The banks flatten out there and therivers 
are spread out over a large number of braided channels. 
Alluvial fans are formed and the rivers throw up bar- 
plains. Their beds are almost choked up by huge 
deposition of debris, and become higher than the 
adjoining areas. Under such hydrological conditions, 
the river tends to outflank its bank any time and takes 
completely different course where the same operation 
is repeated. Thus desertions of channels, rather than 
shifts in the river valleys are elmost as frequent now 
as they were in the past. In fact, the rivers have not 
yet stabilised themselves. 


These rivers usually have perennial discharge, 2l- 
though it is comparatively small during the dry season. 
The pezk discharge is recorded during the earlier half 
of the monsoon in June-July, when the hills gets the 
heaviest precipitation and the winter snows of the 
high hills melt. With the exception of the Tista which 
originates from the eastern flank of the Zemu glacier, 
most of the rivers are fed by the winter snows and 
monsoon rains. Hence over 75% of the discharge of 
these rivers flow during the monsoon period (Fig. 3). 
The minimum discharge of the Tista is 10,000 cusecs, 


whereas, in other rivers, the minimum falls below 
2000 cusecs (Discharge graph). 


Regionally speaking, the most important rivers to be 
met with here, are the Mahananda, the Tista, the 
Jaldhaka, the Torsa and the Sankosh; they have got 
a number of tributaries, the Mechi and Balasan of the 
Mahananda, the Lish, Gish, Chel, Neora etc. of the 
Tista, the Murti, Diana, Rheti of the Jaldhaka and the 
Gabur Basra, Jainti etc. of the Torsa. Of these only 
the Mahananda has its source in the Mehaldhiram spur 
within the boundary of West Bengal. 


Like the Western type, these Himalyan streams are 
notorious for their flood damage, which usually occurs 
in the early period of the monsoon. Their water-level 
rises all of a sudden, to even 2-3 ft. in a day and sub- 
merge vast areas of fertile lend and disrupt communica- 
tion. But due to gentle gradient of the land, these 
floods subside quickly and create little water-logging. 


Further down from the hills, in the West Dinajpur and 
Malda districts, the important rivers are the Maha- 
nanda, the Nagar, the Tangan, the Punarbhaba and 
the Atrai. Except the Mahananda, all these rivers 
were spill channels of the Tista about two centuries 
ago. Before 1787, the Tista used to flow southwards 
into the Ganges through 3 branches,viz the Punarbhaba, 








_ SNe 











INDIAN JOURNAL OF POWER AND RIVER VALLEY DEVELOPMENT—MARCH 1959 21 








Fig. 4. One of the dying rivers of West Bengal: Sonai river 
near Madhyamgram has now lost its connection with its 
source, the Hooghly river. 


the Atrai and the Karatoya*. It is considered that the 
northern Bengal owes its origin due to the delta-build- 
ing activities of the Tista, though she was helped by 
her tributaries and also by the Mehananda and the 
Kosi, the latter then flowed through northern Bengal}. 
Since the later part of the 18th century, great changes 
took place in the hydrological history of this part of 
this State. The Kosi was shifted westward and the 
Tista towards the south-east. In 1787, after a catas- 
trophic flood, the Tista completely choked up the 
mouths of its spill areas (viz., the Punarbhaba, the 
Atrai and the Karatoya) by huge deposition of silt 
and took her present course. As a result, these rivers 
arecut off from their perennial source of water supply 
and have deteriorated so much that their upper 
reaches are completely silted up, their cross-sections 
completely reduced and occasional floodings are the 
resultant feature. This results in the weter-logging in 
their terrain and deterioration of drainage pattern 
in this part of this State, and tells very much on 
the health and produstivity of the soil. 


The deltaic and the tidal streams are the third 
category of rivers in West Bengal. Their off-takes 


4 Wadia, D.N.—The Geology of India. London, 1931 (p.286). 
5 Mazumder, S.C.—Rivers of Bengal Delta, Calcutta, 1942 
(p. 51-2). 


are in the Ganges or in the Padma river. The Bhagi- 
rathi-Hooghly is the most importent stream of this 
system. The non-tidel portion of this river above 
Nabadwip is known es the Bhagirathi, whereas, the 
lower tidal portion is called the Hooghly. The most 
important left hand tributary of the Bhagirathi river 
is the Jalangi, which has its off-take from the Padma. 
The right-hand tributaries of this river belong to a 
different regime end has been discussed earlier. 
Another important river is the Ichhamati which has a 
more or less north-south course—the upper part of 
which is known as the Bhairab and the lower part as 
the Raimangal. In the extreme south, 2 large number 
of tidal rivers run from north to south, the main rivers 
being the Saptamukhi, the Thakuran, the Bidyadhari, 
the Matla and the Kalindri rivers. Besides these, 
there ere innumerable creeks and channels in the 
Sunderban. 


This pert of Bengal owes its origin to the delta 
building activities of the Ganges, which has been 
carrying for centuries, enornious amount of silt from 
her catchment area of 350,000 sq. miles. At Faracca, 
a few miles above its bifurcation into the Bhagirathi 
and the Padme, the mean ennual discharge of the 
Ganges is 498,000 cusecs, whereas, the maximum flood 
discharge exceeds 2,000,000 cusees and _ its silt 
content is 0.1% during this period. At one time the 
Bhagirethi used to be the main course of the Ganges. 
Some 4 or 5 hundred years ago, the main course of the 
Ganges gradually shifted from the Bhagirathi towards 
the east when such rivers 2s the Ichhameti, the 
Jalangi etc. became developed. But as the Ganges 
moved further eastward to its present course through 
the Padma, decay of the rivers began. The Padma 
flows through 2 levee and the off-takes of its spill 
chennels are elmost silted up. Thus the Bhagirathi 
and the other rivers remein virtually cut off from the 
mother stream, the Ganges except during the rains. 
From the dry weather flow of these rivers, it is evident 
that these rivers are dying in their upper reaches. 
During November-May, the average flow of the Bhagi- 
rathi et Jengipur is 61 cusecs and of the Bhairab 
Jalandi et Mukteerpur is 100 cusecs. The Bhagirathi 


Fig. 5: The Ichhamati river near Bongaon. This slow- 
moving stream is often choked up with waterhyacinth 
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has at present a maximum flow of 83,000 cusecs of the 
Ganges water. The Ichhmati in its lower reaches at 
Basirhat has an average discharge of 30,000 cusecs. 
Such reduction of the dry weather flow of these rivers 
results in the silting up of the main river as well as of 
its tributaries and drainage channels. The lower 
reaches of these rivers are also being choked up, while 
there is no fresh up-land water to scour down the silt. 
Thus the once fertile tract of this part of Bengal 
decayed with the progressive deterioration of her river 
systems. It is no wonder that this region contains the 
largest number of marshes and water-logged areas, 
which undermine the health of the people and restrict 
agricultural activities. 


The tidal rivers of the south are subsidiary delta 
builders. The often get choked up with silt, there 
being nosufficient flow from above. The tidal actionin 
these areas take up more silt than they can carry down 
to the sea. The silt makes new deltas, where the chan- 
nels have undisturbed spill areas. But in the northern 
and western part of the Sundarbans, such free spilling 
has been interfered with, through premature reclama- 
tion and embankments, resulting in the deposition of 
the silt on the river bed itself, thus raising up their 
bedshigherand higher, leadingto the deterioration of 
the channeland aggravation of the flood problems, as 
happen in the dying rivers, viz., the Bidyadhari and the 
Peali (vide Figs 4-5). Another problem associated 
with this is the increase of salinity upwards from the 
delta face. The pressure of sweet water in the channels 
cannot keep down the increase in the amount of salt 
water that is being pushed up from the Bay by the 
tides. Such increase in salinity affects agriculture 
adversely and has also given rise to the problem of 
sufficient supply of drinking water. 
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All India Symposium on 


Power Development in India 


[ Continued from January Issue ] 


Dr. K. L. Rao’s speech contd. 

But in India there are some sort of controversies in 
this regard. I heard some people say, why should 
we bother about hydro power stations? Nuclear 
power we shall get very soon, say in the next 5 or 6 
years and then we shall make up for any lag. But 
the other day Dr. Allibone said that in England they 
are about to produce one-third of their power from 
nuclear sources for they find power from coal is cost- 
lier. But at the same time he pointed out that the 
chief trouble with nuclear power is that it cannot take 
up the peak load. We can meet this only with hydro 
power which is uniquely suitable for peak load. There- 
fore hydro power will prove to be the greatest adjunct 
or support to nuclear power. 


We need not enter into this controversy in this 
country at this stage. You can go with the firm convic- 
tion that at least for many years to come in India 
hydro power will be the main source and, therefore, 
we can concentrate very wellon that. Gigantic schemes 
are not taken up for the sake of gigantism. But this is 
inevitable in respect of power production. We cannot 
but undertake these projects like Sharavathy 
Project which is to generate about one million kW 
of power. Punasa is enother similar project and we 
should not go slow with them as we are doing at the 
moment. We should go ahead with the same speed 
as the Americans and other nations are showing with 
their major projects. 


But the main bottleneck for us is, not the technical 
personnel (we have got excellent electrical engineers 
and I find that there is more unemployment among 
electrical engineers than civil) but that we have to 
buy the whole stuff including small switches from 
outside. We should have foreseen this difficulty 
earlier and should have pressed for manufacturing of 
electrical machines in this country. 


T have a letter from Mr, Monkhouse who use to work 
with us—one of our brilliant engineers working in the 
Bikaner House from 8 0’clock to 6 0’clock in the evening 
—saying that he is about to perfect a 40kW generator 
at Baroda where he is working now. I am glad that 
there is somebody et least to say that small units 
can be produced in India. I know that it is a distant 
travel from a small 40 kW unit to the 300 million of 
kW unit that Russia is going to instal in one of their 
Siberian Projects. That is the distance we have to 
travel, but still once we are on the road we can run. 


So the main thing is that Bhopal Heavy Electrical 
Machinery project should be rushed instead of being 
pulled back. I hope that our Honourable Minister will 
take it as an expression from our gathering here and 
place this opinion in the Cabinet or elsewhere. We 
not only want the transformers and switchgears to be 
manufactured in this country but we want the genera- 
tors to come from that machine shop in Bhopal and 
we want it to come in the next 4 or 5 years. It is only 
then that we can say that we havereally power produc- 
tion in this country. Otherwise remaining dependant 
on outside for every little thing and with our foreign 
exchange difficulties, our progress is bound to 
be slow. 


In this respect I hope Ihave your feelings when I 
say that this symposium will finally resolve urging 
the manufacturing of electrical machines at utmost 
speed. 


Dr. A.N. Khosla, Vice Chancellor, Roorkee University: 


Dr. Khosla said that he was greatly interested in the 
manner with which Dr. Lahiri presented the facts 
and figures in his paper and he thought it indicated 
the way for a considerable improvement in speed for 
power development. 


At the time when Dr. Khosla took over the CW & 
PC in 1945 the information available about the total 
hydro power potential was very little and it was sugges- 
ted that the potential was of the order of 2to3 million 
kW and everybody took it as gospel truth. After 
some investigation the figure of 40 million kW was 
expressed by Dr. Khosla with great hesitation. He 
was confident that with further investigation the 
hydro power potential may be near about 100 million. 
Now Dr. Lahiri said that there are infinite reserves of 
coal all over the world. This also shows that more and 
extensive investigations ere needed. It is only in the 
last 10 years that we have started to investigate our 
resource potential. We know the human resources 
but we donot yet know fully the material ones. Even 
in the field of human resources although our potentiali- 
ties are great we have to undertake large scele training 
of men. Each one of them can be as good 2s the best 
American, Russian or English. “Thetis my appraisal 
of our resources and I feel there is no cause for 
pessimism.” 
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“Ofcourse,” Dr. Khosla said, our progress has been 
slow but this is true of most other countries in the 
early stages of development. We started on a gradual 
slope but very soon we shall be on the upgrade. 


There has been quite a little of controversy among 
us regarding the development of hydro power. On top 
of all that we have financial difficulties but more than 
these factors it is the lack of proper appreciation of the 
need to develop power at a very fast rate that is com- 
ing in the way of bigger projects being executed but 
the needs are now becoming clearer and the country 
is realising that the index of industrial development 
and increasing standard of living is measured by the 
power development of that country. 


Mr. Venugopalan, CW & PC (Power wing) 
Commenting on the papers submitted to the sym- 
posium Mr. Venugopalan referred to page 17 of the 
volume and suggested that the question of amortiza- 
tion for distribution transformers with a view to 
reducing cost has been taken up by the Indian Stan- 
dard Institute and already there is a Standard Number 
1180 of 1957 which has been produced with the co- 
operation of authorities and Supply Undertakings. 


Again on page 18 Dr. Datta has given some useful 
suggestions regarding loading conditions. This rule 
is already laid down by the Indian Electricity Rules 
1956 where the factor of safety is already incorporated 
in it. His proposal for the tension in worst conditions 
to be not less that 60 percent may be compared with 
the Rule where the limit has been indicated as not 
less than 50 percent. The Indian Electricity Rules 
give ample scope to the Electrical Inspector of the 
State Government torelax this particular rule in case 
of simultaneous occurrence of maximum wind load 
and minimum temperature. 


Rules 76 also includes the statutory obligation of 
90 degrees temperature as suggested by Dr. Datta. 


Commenting on Mr. Hukmani’s paper on Transmis- 
sion lines tower, Mr. Venugopalan said that it was a 
very good job done as the first of its kind in India. 
The only point was that there are so many assumptions 
regarding the structural design and we cannot but 
be dependant at present upon the data given out in 
the literature supplied by the manufacturers. 


Mr. A. K. Bhaumik, Chief Electrical. Engineer, West 
Bengal. 

Mr. Bhaumik thought that the papers presented 
before the symposium were more comprehensive. He 
discussed the question of target of future production 
of power. He felt that if we went about the matter in 
a conventional manner it would be extremely difficult 
for us to have a rapid development of power from the 
figure of 24 units of electricity consumption per head 
to the world figure of 600 in a reasonable length of 
time. The figure of 50 which has been the target is 
rather too modest. America consumes about 4000 
units per capita and U. K. 2000. By 1975 these 
figures will jump up to 6500 in the case of U.S. A. 
and 2500 to 3000 in U. K. Mr. Bhaumik therefore 


thought that by 1975 we should try to aim at 400 
units per capita which means that we have to increase 
our installed capacity by at least 56 million kW. 
By 1960 we will have ony 7 million. The question, 
therefore, was how to cover the gap between 7 and 
say, 50 million kW if our country is to make e rapid 
progress comparable with other countries. Compared 
to the vastness of the country the installation of 50 
million kW capacity is not a very big thing but even 
for such an installation very careful planning is needed 
by the planners, particularly the CW & PC who are 
advising the Planners. 


Nuclear power is now at its infancy today and I think 
that by 1970 it will be able to overcome these initial 
difficulties both economical and technical and it will 
be able to establish itself firmly, particularly in rela- 
tion to meeting the base load problem. Although Dr. 
Lahiri is laying such a great stress on power from 
coal I am confident that from 1970 nuclear power 
will become more prominent and may help in achiev- 
ing our target of 50 million kW by that time. 


Dr. T. E. Allibone’s Remarks at the Conclusion of 
Dr. Datta’s Presidential Address : 

It gives me great pleasure to propose the vote of 
thanks to Dr. Datta for his excellent end comprehensive 
Presidential Address to Section M which is on a subject 
of such great importance to India at the present time. 
He rightly stresses the low per capita annual consump- 
tion of electricity in India compared with countries 
like Englend «nd the United States of Americe; in 
England we have doubled our electrical consumption 
in the last ten years and we eppear to be continuing 
to increase consumption et this same rate. 


I was interested to read that some of your hydro- 
electric projects can be built at a cepital cost competi- 
tive with pit-head coal-fired power stetion. Bhabha 
and Prasad’s Geneva (1958) paper quoted some high 
costs, over 1700 rupees/kW, for building pure hydro 
stations and I should welcome Dr. Datta’s views on 
these figures. Such projects have the further very 
valuable advantage in the distant future that they 
could be the basis of pumped water storage schemes 
using cheap nuclear power for pumping. At the present 
time they have the great edvantage of imposing 
only a slight burden on your foreign exchange re- 
quirements and the immediate cost per kWh is small, 
smaller than nuclear power costs are likely to be for 
two decades. I shall be speaking of nuclear power 
developments later in the week: it is sufficient here to 
agree with Dr. Datta thet for some years to come the 
cost of nuclear power is only likely to be competitive 
with your “‘dear coal’’ arees and when the lozd factor 
can be really high, let us say, over 80% and this 
necessitates the existence of a large inter-connecting 
Grid to connect base lo2zd to the nuclear stations. 


Dr. Datta refers to the new transmission lines being 
erected to operate at 200 kV whilst stating that the 
ratio of x? for the voltage of 2 new system to an old 
one has been generally adopted in India in the past: 
he pleads for a higher ratio. In Great Britain, the new 
Grid operates at 275 kV compared with our basic 
Grid of 132 kV and it is of interest to note that the 
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new Grid line can carry six times the load of the 132 kV 
line, although it costs only two and 2 helf times as 
much; is there not a case for revising your third five 
year Plan to include higher transmission line voltages. 


With reference to the President’s remarks about 
the magnitude of lightning stroke currents, I would 
mention that there is now in England a great mass 
of information on lightning strokes and their effect 
on transmission lines which I feel certain could be 
made available to you if you do not already have them. 


I propose that a hearty vote of thanks be recorded 
to your President for his valuable Address. 


(Dr. Allibone’s second speech during the Symposium 
will be published in the May issue.) 


Prof. C. 8. Ghosh: 

All the papers presented at the symposium have 
stressed on the aspect of the power resources in India, 
the trend for development on the zonal basis and the 
growth of power demand. Dr. Lahiri of the Fuel Re- 
search Institute in hisilluminating paper has very ably 
indicated the need for an outlook of power generation 
by utilization of our coal resources. However, a very 
important aspect bearing on the large scale develop- 
ment of power generation and interconnection has been 
overlooked. I wanted to stress the importance in the 
direction of proper control and economic operation 
with particular reference to inter-connected power 
system. The method of tie-line load-bias control in 
inter-connected power system is now @ well-established 
practice in the more developed countries in the West. 
To maintain continuity of power supply and proper 
load flow as also for proper load allocation between 
different stations and between different units in 
station, the principle of load frequency control is the 
first step to be taken. With large scale inter-connec- 
tion, large blocks of power has to be transmitted over 
longer end longer distances. This will automatically 
have to take note of losses in transmission lines. As a 
result, the modern method of economic operation by 
considering incremental cost of power includes not 
only incremental cost of generation but also incre- 
mental cost of transmission. The necessary equipment 


for economic allocation of load to different stations on 
the basis of this incremental cost is now a well esta- 
blished practice in the western countries. With our 
projected developments and. interconnections between 
power systems of different states and between differ- 
ent zones, time is ripe for designing and specifying 
our control equipments in the different power stations 
as also in the central control stations in interconnected 
systems, by taking note of this modern method of tie- 
line load-bias control. The application of carrier cur- 
rent in relaying, communication and control in our 
power system has already been adopted in some of our 
new developments. It is, therefore, essential that we 
should also take note of the next step for economic 
operation of our intereonnected power development. 


Mr. A. P. Seethapathy: 

I want to say a few words on behalf of the common 
man, the rural consumer. The target of 25 units or 50 
units or 100 units per capita does not appeal to the 
villager so long as he is not enabled to use power by his 
own hands at least for a small fraction of the per 
capita consumption indicated. I have no quarrels with 
any type of generation discussed here—hydro, coal 
or nuclear. Knowing as we do that more than 80% of 
the total population of the country live in the rural 
areas and the consumption in such parts in only e small 
portion of the total consumption in the country, it is 
imperative on our part that we make suitable arrange- 
ments to see that electricity is carried into the villages 
as rapidly as possible to create conditions for the 
villager to reap the benefits of electricity. Any amount 
of industrial expansion and consequent rise in the per 
capita consumption will not have any appreciabale 
effect on the rure] population if they are not enabled 
to see the developments for themselves directly at least 
in a small measure. Rural Electrification is, therefore, 
very important. This will be the best publicity that we 
could visualise. This will also carry all the rural 
folk with us and enable them to appreciate what is 
going onaround. Wecan be sure cf their cooperation 
in ell walks of life once their enthusiasm is roused. 
This isan aspect which I would like to stress betore 
this gathering. I would request you to see that 
sufficient provision is made for rapid expension of 
rural electrification in the country. 





INTERNATIONAL CIB CONGRESS 1959 
Rotterdam 
21-25 September 


On the occasion of its third General Assembly in 
1959 the International Council for Building Research, 
Studies and Documentation, C.I.B., will organise an 
international Congress open to C.I.B. members and 
their representatives, as well as to other interested 
experts. 

The Congress will be devoted to a number of 
problems of fundamental importance to the building 
industry. 

The principal object of the Congress will be to widen 
the horizon of experts by presenting to them important 
building research and building documentation prob- 
lems and results. 

The subjects will be introduced by leading experts 
from various countries and subsequently put up for 
discussion. 


The subjects relate to theoretical and applied 
building research and to building documentation and 
transmission of knowledge. In addition, attention will 
be given to some special aspects of building in tropical 
countries. 

The Congress subjects will be introduced in plenary 
sessions. Besides this, specialists interested in specific 
Congress subjects will be able to continue their 
meetings in parallel sessions. 

During the plenary sessions of the Congress simul- 
taneous translations of the proceedings into English, 
French and Russian will be arranged. 

Provisional application forms are to be completed 
and sent before 15th April, 1959 and can be had from 
Assistant Director (Information), Central Building 
Research Institute, Roorkee. 
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Irrigation Policy : Considerations in Planning 


(xii) Close attention should also be given to the 
question of phasing of works, from various 
considerations. It should be so arranged as to 
yield maximum returns from investment at 
each stage, so that there is minimum time lag 
between the availability of irrigation benefits 
and their actual utilisation. 


(ziti) For achievement of optimum benefits, river 
basin development schemes of different States 
have to be closely co-ordinated. Water 
stored in reservoirs of one State may be used 


Continued from page 32] 


38. 


39. 


41. 


43. 


with advantage in adjoining States. In 
certain cases, it may be useful to divert waters 
from one river basin to another for the benefit 
of a region as a whole. In this connection, co- 
operation among States will be essential for 
investigation, allocation of waters and sharing 
of costs. 


(xir) A project for inclusion in the Plan must have 
been investigated in sufficient detail as to 
make the estimates of expenditure, revenue 
and benefits anticipated therefrom reasonably 
correct and reliable. 


Survey of Water Potential—II 


Year in which above estimates were made, and by what per- 
centage the above estimates are likely to be increased now ? 


Allocated costs out of expenditure for common works : 


(a) Irrigation 

(6) Power 

(c) Flood Control 

(d) Navigation 

(e) Other heads (to be indicated broadly) i, 


. Cost directly chargeable to ‘Irrigation’ 


Cost directly chargeable to ‘Power’ nto aoe 


(a) Generation 
(6) Transmission 


. Unit Costs one ece 
(a) Per acre of annual irrigation | owe nares 
(b) Per kW of installed capacity eee 6en 
(c) Per kWh. at Generating Station eee eos 
Revenues and Realisation ale cee éae 


(a) Betterment levy proposed : 


(i) Rate (lump sum and/or instalments) 
(ii) Period of recovery a 
(iii) Date of commencement 

(iv) Eastimated yield 
(b) Water rates for different crops 
(c) Tariffs for power 


- People’s contribution 


. Expected Returns (Percentage of esti —_ 


(a) Irrigation portion 
(6) Power portion 
(c) Flood relief portion 














(d) Navigation portion ee cee eee 
(e) Entire project oe eee eee 
V. Employment and Training 
46. Employment e068 oes eee 
(a) Yearly employment during construction (approximate), 
by categories 
pera-| 
Professional (Clerical, ting, |Skilled Un-skilled 
and Adminis-|services, |proces-) work-| labour | Total 
technical | trative | ete. sing | men 
} ete, 
Ist Year ee oe oe 
_2nd Year ike: ae eo 
3rd Year +s oe ee 
4th Year ee 
5th Year e- 








(6) Personnel required to be retained under above categories 
after completion of project (approximate). 


(Opera 
Professional | Adminis- Clerical, ting, Skilled) Un-skilled 


and trative services, |proces-|work-| labour Total | 
technical etc. | sing, | men 
} ete. | 





47. Training. (What training facilities can be provided on the 
project 7) 


48. Additional Remarks, notes, reports, etc., if any. 
(Based on a lecture delivered at the University of Roorkee.) 




















Survey of Water Potential—ll 





[ Concluded from the January Issue ] 


Various Aspects of Development 


Irrigation 

Now coming tc the various demands on the water 
resources enumerated above, irrigation should naturally 
top the list. The most fressing economic problem 
in the region of south west Asia is that of ensuring suffi- 
cient food production not only forthe population that 
obtains now in the region but for the fast rate of 
growth of population which has been roughly 24%, in 
thelast 20 years. Even if the growth of population is 
controlled by family plenning, still it weuld be a 
problem in view of the fact that the estimated increase 
in food production over the same period of 20 years 
has been only about three per cent. Moreover, the per 
capita food production in south west Asian regions 
is at present only about one-half the average for the 
World as a whole, though the region is predominantly 
agricultural. The yield per unit 2rea is also much lower 
than in the western countries. The low yield is largely 
due to the general under-development of water-re- 
sources and the fact that the crop production largely 
depends on the vagaries of weather with its round 
of draughts and floods. The region as a whole imports 
food cereals from other regions. Thus, the provision 
of better irrigation and control of floods is the para- 
mount need of the south western Asia. 


The need for irrigation would differ from place to 
place according to the quantum and distribution of 
rain fall, crop pattern, soil classification, ete. But 
there would hardly be a place where rainfall is adequate 
and distributed all over the year for the crop pattern 
best suited for the area. Even in regions of heavy 
rainfall it is the maldistribution of rain-fall during 
the critical periods of sowing and maturing of crops 
that really matters. e.g. in Kerala where the rain fall 
ranges from 100” to 150” and above, all along the 
coastal plains, the need for irrigation has been felt for 
proper maturing of the first crop and raising of second 
and third crops and a programme of irrigation works 
costing about Rs. 8 crores is included in the Kerala’s 
second Plan. Thus the need for irrigation can be ex- 
pected to exist in all regions except the high hills, 


There are three types of flow irrigation works that 


By HARI SINGH 


have to be borne in mind as alternatives for selecting 
the best type of works in different parts of a basin. 


(a) Inundation canals which take off from the river 
without any diversion works on the river, 


(6) Diversion works across the main river (weir or 
barrage) and canal system taking off upstream 
of it; and 


(c) Storage reservoirs with direct canals with or 
without diversion works lower down with canal 
system taking off from it. 


For utilisation of under-ground waters. open wells 
and tube-wells have to be considered. The main 
problem would be to find out the areas that are suitable 
for the two types of works namely (a) those utilising 
surface flow and (5) those utilising under-ground waters. 
Some of the considerations that will govern the selec- 
tion will be : 


(a) Depth of sub-soil water below ground level, 
(6) Effects of irrigation on the sub-soil water level. 


In case the subsoil water level is quite high, 
irrigation may adversely effect the area by 
way of water-logging. In such cases it will be 
desirable to go in for works which utilise the 
under-ground waters. 


Another consideration would be the availability 
of surface water for the area that can be com- 
manded by irrigation works. In case it is not 
sufficient it would be necessary to supplement it 
by utilising under-ground waters. 


(c 


~— 


The suitability of underground water for 


irrigation. 


(d) 


Other things being equal, preference would have to be 
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given to the use of surface water through flow irriga- 
tion and next to those that involve small lift of surface 
water and thirdly through pumping of under-ground 
waters ; because the cost per acre generally goes up in 
case of lift irrigation ; higher the lift greater is the 
cost of irrigation. But this is not necessarily true in all 
cases ; for, one of the factors which affect the cost of 
irrigation with surface waters is the distance of the area 
to be irrigated from the headworks. Insome cases, it 
may be cheaper to go in for tubewell irrigation in the 
distant parts of command area. Economics of the 
various alternatives will therefore have to be worked 
out and different areas reserved for different methods 
of irrigation mentioned above. 


A comprehensive map with contours showing the run- 
off at various points of drainages and ground waters 
along with areas catering for irrigation would be useful 
in visualising various alternatives for working on 
them. 


In addition to above mentioned alternatives, one 
has to bear in mind the requirements of water for the 
adjoining basins especially for irrigation. Often times, 
there lie arid zones in the adjoining basins beyond the 
hills and mountains which divide the basins. In 
some cases, it may be that the need of the arid zones 
in the adjoining basins is greater than that in the river 
basin itself. A typical example of this would be the 
Western Ghats along the West Coast of the Indian 
sub-continent. The monsoons bring heavy rainfall on 
the western side of the Western Ghats while on the 
Eastern side of the Ghats there is dearth of rainfall 
resulting in scarcity areas. This is precisely the case 
in the present dispute on the Sholayar waters between 
Kerala and Madras. The Kerala Government feel that 
they can utilise all the waters of the Sholayar river 
and its tributaries in the basin itself while Madras 
State has put in a proposal for diversion of Sholayar 
waters into the arid zone on the other side of the 
Western Ghats i.e. beyond the Sholayar river basin. 
Such inter-basin diversion of waters for their optimum 
utilisation has to be born in mind while doing survey 
of water potential and overall needs of a basin from 
the economic and social standpoint. 


Problems of inter-State rights also need careful con- 
sideration as sometimes previous agreements between 
the various States interested in the river basin may 
prevent formulation of technically best plan. 


Flood Control 

The economic significance of flood damage would be 
apparent from the fact that India’s National Income 
would according to CW & PC’s estimates increase by 
about Rs. 100 crores, if the floods were controlled. Half 
of this amount is said to be lost onan average by way of 
physical destruction of property excluding expenditure 
on relief and rehabilitation of the victims of floods. 
Apart from the loss in terms of money, the agricultural 
production in the country has suffered on account of 
floods necessitating larger imports of food grains at 
the expense of foreign exchange, which is in short 


supply. 





INDIAN JOURNAL OF POWER AND RIVER VALLEY DEVELOPMENT—MARCH 1959 


Tracing the history of mankind, the inhabitants of 
this earth used to live in the carly days on the banks of 
the rivers above the flood levels.As pressure of popula- 
tion increased, the people started inhabiting lower 
areas which were visited by floods infrequently and 
ultimately they occupied the lower parts of valleys 
which are visited by floods more frequently. Moreover, 
as civilisation advanced, more and more obstructions 
were created across the rivers, e.g. road and railway 
embankments and bridges, longitudinal embankments. 
In addition, millions of tons of silt and debris brought 
annually by the rivers from the hills and deposited in 
the plains, continuously raised the bed of the rivers in 
the plains and increased the frequency of flooding in 
the adjoining areas. 


The various works that can be considered for flood 
control are storage raservoirs, detention reservoirs, 
levees protection of banks by revetments, channelising 
the rivers, pumping stations, flood plain zoning and 
flood forecasting. Whenever storage reservoirs are 
constructed for flood control they would naturally be of 
multipurpose nature e.g. for production of water power 
and utilisation of waters for irrigation and naviga- 
tion. Generally speaking, it may be difficult to justify 
the construction of a single purpose reservoir for pur- 
poses of flood control because of large sums involved 
in construction of such reservoirs. On the other hand 
when irrigaton and power is catered for, very little 
amount of extra storage may be needed for flood 
control. Because, in addition to moderation of the 
flood flows after construction of reservoirs, the main 
floods coccuring in the first part of flood season can 
be regulated to pass over the storages and filling 
of the reservoir can be resorted to, during the latter 
part of the season. 


Power Generation 

The present economic condition of the people in the 
south west Asian region also call for increase in non- 
agricultural sources of income through the develop- 
ment of industries, for which low cost hydro-electric 
power would be necessary. Thus the double objective 
of agaricultural and industrial stimulation can best 
be served in many areas of thisregion through multi- 
purpose river basin development plans, particularly 
for irrigation, flood control end power generation. 


As far as economically feasible the entire fall from 
the source of a river to the sea should be utilised to 
produce hydel power. A good example of this would be 
the proposed development of power in the lower 
Narmada River (vide L section of the river given 
in part I of this article). 


When any storage reservoir is constructed for flood 
control or irrigation or navigation, the possibility of 
generating power should be looked into. If there is 
no immediate need for power or the power is not 
considered to be economical in the immediate future, 
it would still be useful to leave sufficient number of 
penstocks in the dam for future development. 


Vice-versa where reservoirs are constructed for 
hydro-electricity, other uses such as navigation, irriga- 
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tion should not be lost sight of and if there isno imme- 
diate need for them, necessary headworks should be 
planned for future development of other aspects. 


Navigation 

It has to be recognised that means of transport 
have to be increased in order to cope with greater 
traffic when industrialisation takes place and agricul- 
tural production increases. There are certain types of 
transport functions which water-ways can perform 
better and cheaper than other methods. It would, 
therefore, be sound policy to develop navigable water 
resources of a river basin and use them to the fullest 
economical extent. Water-ways are generally links in 
chain of transportation of raw materials to the proces- 
sors and consumers and transportation of the processed 
products on the back journey. Unfortunately, this 
aspect of navigation has not received due considera- 
tion in the past in the south-east Asia. 


Sometimes conflict may exist between single pur- 
pose river transportation development and develop- 
ment for other uses of water. This arises because navi- 
gation requires low damsand locks which may increase 
flood control problems while irrigation and other pur- 
poses may require the river flow to be stored. More- 
over, large quantities of water are required for provid- 
ing adequate water depth specially in the rivers. 
Existing and potential navigation facilities should be 
studied so as to arrive at optimum plan of develop- 
ment. The character, amount and cost of traffic 
that may be expected after development of the area 
should be compared with that of the other means 
of transportation. 


Domestic and Industrial Water Supply 

This is an important item for the health and well- 
being of the populace in a region especially in view of 
the fact that development in a region augments ur- 
Lanisation. The plen for development of basin should 
therefore take into consideration the future water 
requirements of both the population and industries. 
It should be remembered that the quantum of water 
required by people increases as the water supply 
facilities are provided. The trend of population in- 
crease should also be taken care of while making 
estimate of water requirements. Competition may 
occur in some areas where available water is not suffici- 
ent tc satisfy demand: for all purposes. In many cases, 
water used for industrial and public purposes would 
be expected to return to the stream with a small 
decrease in quantity and not too great impairment in 
quality for human consumption. Therefore, in the 
analysis of water requirements, the points where the 
water is required for puLlic use and where it returns, 
would be important factors in the planning for overall 
use of waters. 


Watershed management 

The water and land resources are inter-dependent 
and each must be so used as to contribute to the use- 
fulness of the other. 


The conservation of soil and water resources depends 
upon the sound programme of water-shed manage- 
ment which includes measures intended to reduce 





29 


erosion and induce greater absorption of rainwater to 
retard flood run-off and increase moisture content of 
the soils for production of better crops. Erosion of 
culturable lands not only leads to a loss of productive 
top-soil, but also increases silting troubles in reser- 
voirs. Land in its natural state may present varying 
types of cover-trees, grass, shrubs or be barren. How- 
ever, when man interferes with the natural regime, 
he may set in new forces which threaten to damage or 
even destory the usefulness of land eventually. Water- 
shed management would, therefore, be necessary for 
sustaining yield from the land and should form a part 
of the plan for basin development. 


Irrigation facilities can be provided only in the 
commendable areas below the headworks except 
for a small incidental amount of irrigation that is 
possible in the beds of reservoirs when the water level 
goes down during the dry weather. The remaining 
areas of the valley or basin for which no irrigation is 
provided should be catered for better agricultural 
production through dry farming. Although no water 
is supplied for this prurpose, the precipitation itself is 
conserved thereby reducing the surface flow. This 
should be taken care of while making estimates of 
available supplies for utilisation lower down. Though, 
in such cases the total water supply may get decreas- 
ed by creation of conditions conducive to higher eva- 
poration and transpiration losses, this is more than 
offset by better yield of agriculture produce in addi- 
tion to increase in the useful life of costly reservoirs. 


The soil conservation methods comprise contour 
bunding, afforestation, plugging of gullies etc. Neces- 
sary works for soil conservation should be taken in 
hand along with other works such as dams so 
that maximum benefit is realised not cnly from the 
point of view of conservation of soil but elso from the 
point of reduction cf sediment in the reservoirs, 
which otherwise shortens the life of costly engineer- 
ing works. 


Recreational Use of Water Resources 

Such facilities increase the well being and health of 
the people. This aspect should not be lost sight of 
while preparing a plan for basin development for 
apart from the recreation value it can attract tourist 
trade resulting in additional income to the people of 
the region. A good example of recreational use of 
waters is the Brindaban Gardens on the upstream of 
Krishnaraj Sagar in Mysore. 


Fish and Wildlife 

Engineering works on rivers alter the natural course 
of events in ariver system and may impinge unfavour- 
able conditions or improve them for the species of 
fish and wild life obtaining in the region. Adequate 
arrangements should be made to provide facilities for 
migratory types of fish to pass across engineering 
obstructions in the river course. For this purpose, 
fish ladders are often provided across dams and 
barrages. Storage reservoirs provide excellent 
opportunities of pisci-culture on commercial basis. 


The effect of engineering works on wild life can- 
not be determined on purely economic basis. Many 
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variables will have to be considered such as those of 
dam design and operation, weather, wildlife habits, 
hunting preferences, abundance of the species involv- 
ed. Basic biological data would often be lacking and can 
be obtained only through careful research. Develop- 
ment programmes for river basins generally offer 
good opportunities for improving fish end wildlife 
and they can be provided with small addition to the 
cost of the basin wide development plan. 


Effect on Pollution 
Man-made pollution of streams goes hand in hand 
with increased urbanisation and industrialisation. The 
control of rivers for basin development may affect 
the pollution favourably or unfavourably. By chang- 
ing the flowing stream into a reservoir the self-puri- 
. fication capacity of the stream may be reduced ; this 
may aggravate pollution problems of towns and in- 
dustries along thereservoir. Waste discharge may be 
backed up into waterworks. Growth of algae, 
imparting obnoxious tastes and odours to the 
water may also result. The recreational develop- 
ment of reservoir areas may be impaired. On the 
other hand the most important pollution control pur- 
pose of a dam is the regulation of stream discharge for 
downstream dilution. These factors should therefore 
receive due consideration at the time of drawing up 
basin-wide plan of development. 


Insect Control 

Often times construction of reservoirs and supply of 
additional water for irrigation to the land produces 
conditions which are favourable to growth of 
mosquitoes and insect trouble. Necessary precau- 
tions have be taken to prevent such conditions. — 


Drainage 

In regions where the water table is quite high and 
the surface slopes are not sufficient for quick drainage, 
waterlogging may take place resulting in partial or 
complete loss of the land. For example, in the Punjab 
no less than seven million acres are at present affected 
by it. Half of this area is waterlogged while the other 
half is suffering from salt afflorescence due to rising 
water table. Drainage must, therefore, be taken care 
of at the time of laying down a plan for the basin 
development. 


Sediment Control 

This has been partly covered by the item of soil 
conservation in the watershed, which reduces the 
quantum of silt brought down by a river. In addition, 
such works, as check dams, may also be necessary 
to hold up the sediment in upper areas and increase 
the life of reservoirs constructed for the purposes of 
basin development. 


Salinity 

Generally the salinity in the waters, which is maxi- 
mum during low flow conditions, improves when stor- 
ages are constructed on the rivers ; for the low flows 
can be improved thereby. The salinity in the under- 
ground waters also gets improved by the construction 
of reservoirs, canals and the application of irrigation 
waters to the land; for, the sweet water finds its way 





INDIAN JOURNAL OF POWER AND RIVER VALLEY DEVELOPMENT—MARCH 1959 


into the underground through percolation from the 
irrigation works and the irrigated erees. In the coastel 
area it may be necessary te include, in the basin wide 
development plan, works such as, cozstel jetties to 
keep out the salt water. An exemple of this would be 
Kuttanad Development Scheme in Kerela whereby a 
couple of lezkh acres will be reclaimed for growing 
paddy crops. At present this area is suffering from 
too much salinity on account of sea water coming into. 
Vembanad lake especially during the non-monsoon 
period. 


Now, reverting to the main theme of detailed 
investigation, I would like to say a few words on 
investigaton reports. 


Investigation Report 

The findings made and recommendations arrived 
at during detailed investigations, should be presented 
systematically in the form of a report. It should be 
supported with necessary detailed information es 
appendices. The investigation report should be 
complete in itself and should be concise and informative 
to the non-technical as well as to the technical readers. 
The conclusions and recommendations should be given 
clearly. Following sections can be suggested for the 
report:— 


. General description. 

. Present use of water resources. 

. Need for development. 

. Plan of development with various alternatives 
and final recommendation. 

. Economic analysis. 

. Further investigation. 

. Conclusions. 

. Recommendations 


em Oboe 


CO=1H 


It should be supplemented if necessary through 
appendices, with technical information on points, 
suchas available water supplies and utilisation, designs 
and estimates. 


The section dealing with the plan of development 
may be divided into following sub-sections :— 


(i) Irrigation, 
(ti) Power, 
(iti) Flood Control, 
(iv) Navigation, 
(v) Drainage, 
(vi) Municipal, domestic and 
requirements, 
(vii) Fish and wild life conservation, 
(viii) Recreation, 
(iz) .Streem politutionebatement, and 
(x) Sediment control. 


~~ 


industrial water 


~— 


The various points thet woud need be deseribed in 
the detailed investigation report have been circulated 
by the Planning Commission under their letter dated 
13.5.54 a copy of which is given at the end. 


Planning of Project Proposals 
Next comes the stage of planning of project propo- 
sals. This is the last stage of planning and is usually: 
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carried out after the epproval of comprehensive plan 
for basin wide development. In this stage each project, 
which forms 2 part of basin wide development, is 
taken up separately. However, it does not mean 
that the planning and design work is limited to in- 
dividual projects only; on the contrary even at this 
stage, one must consider the relative development of 
other projects. It should include ell necessary data 
on hydrology, geology, structurel and economics 
to support the plan of development. The lay-out 
and dimension of structures, the lay-out of construc- 
tion plant end specification of material and method of 
constructions, revised estimates of total expenditure 
and schedule of constructions, revised estimate of 
benefits and costs, the system of cost allocation and 
repayment and the contemplated regulation of rules 
for operation, should be dealt with in detail. After 
the stage of detailed investigation some studies and 
exploratory work generally remain to be done during 
the stage of definite project planning to supplement 
the data already collected or for elaboration of previ- 
ous data. The report on the basis of the data collected 
in this stage should contain a complete lay-out of 
each unit of the work and dimensions of the structures 
with specifications ready for construction. 


In conclusion, I would wind up by repeating the 
Opening sentence ‘The question of basin development 
resolves itself into two components namely available 
water resources and competing demands of various 
aspects of development’ and a balance has to be struck 
in order to achieve optimum utilisation with due 
economy. 


No. PC (V)/1/3(A)/54 
GOVERNMENT OF INDIA 


PLANNING COMMISSION 
New Delhi May 13, 1954. 


From 
Surr YapAvA Mounay, I. Ss. E., 
Chief of Natural Resources Division & 
Secretary, Advisory Committee on Irrigation 
& Power Projects. 


To 
THE DEVELOPMENT COMMISSIONERS, 
All State Governments. 


SussEct--Irrigation and Power Projects for Second Five Year 
lan. 


Sir, 


In my letter No. pc(V)/IV(5)/54 dated 23rd March 1954, the 
State Governments have been requested to furnish short notes on 
the Irrigation and Power Projects that they propose to recommend 
for inclusion in the Second Five-Year Plan. 


2. Detailed project reports for most of these schemes would pro- 
bably be under preparation with the State Governments now. The 
examination of these schemes would be expedited if all parti- 
culars required by the Advisory Committee are furnished along 
-with the project reports. 


3. I enclose a Form showing the various aspects which the Com- 
mittee would consider in relation to the. Irrigation and Power 
projects for the next Plan period. It is hoped that this Form will 
assist the State Governments in furnishing full information and 
data required by the Committee. 
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4. To complete the technical examination of the projects in a 
reasonable time, it would be desirable that the various parts of 
the projects e.g. hydrology, power, designs, estimates, etc., are 
examined in the different Directorates of the Central Water and 
Power Commission simultaneously. That Commission would, 
therefore, need four copies of the project reports. It is requested 
that six copies of the project report may be sent in the first instance 
two of which may please be sent to me and the other four to Shri 
B.S. Nag, Director, Technical Examination and Resources, Central 
Water & Power Commission, who is the Additional Secretary of 
the Advisory Committee. 


5. In addition to the six copies of the project report, 10 copies 
of the enclosed Form may kindly be filled in and sent to me for 
distribution to the Members of the Advisory Committee for study. 

6. Your co-operation in the matter will be appreciated. 


7. 100/50 copies of the form are being enclosed with this letter 
for your use. Additional copies may be called for if required. 


8. These forms may also kindly be completed for the schemes 
that you have already submitted for inclusion in the next Plan. 
Yours faithfully, 


Yapava Mouan, 


Irrigation and Power Projects 
UNDER CONSIDERATION FOR 


SECOND FIVE YEAR PLAN 


State 
Date of report 
I. General 
MULTIPURPOSE 
CATEGORY OF PROJECT IRRIGATION 
(Strike out whichever inapplicable) PowER 


Fioop RELIEF 


1. Name of project 


te 


. Location of project. (Distance and direction from nearest 
large town, district in which located, etc., or a key map for 
extensive projects, ) 


3. General scope of the project. (An index map should be enclos- * 
ed, A brief description may be given outlining the various 
aspects and scope of irrigation, power, flood-control, navi- 
gation, recreation, etc. If necessary, attach a separte note). 


4. Investigations: 
(a) Date of commencement. ... 


date 


(b) Date of completion or if not completed, expected 
of completion see cas 


(c) If not completed, what is the present stage and what 
remains to be done ? 


(d) Total.estimated cost of investigations and expenditure 
incurred already. 


5, Results of geological examination, if carried out. 


6. Is project report and estimate ready ? If not, whett is it likely 
to be ready ? 


7. Proposed date of commencement eae ose 


vse 
39% {? 


8. Probable date of completion ... coe 5 





10 


—_ 


_ 
—— 


14. 


16. 


17. 


18, 


19. 


20. 


21, 
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. Period required for realising the full benefits from commence- 


ment of project. (To be shown for different heads, viz ; Irriga- 
tion, Power, Flood Control, Navigation, etc. separately where 
applicable.) 


Was the project recommended at any time for inclusion in the 


First Five Year Plan ? 


Il. Description and Features 


A. TrricatTion Prosects — CANALS AND TUBEWELLS 


. Major items of work. (Length of main canals, discharges, 


broad features of headworks, reservoirs, etc. In case of tube- 
well projects, numbers of tubewells, discharges, etc.) 


2. Commanded area (acres):— 


(a) Gross 

(4) Cultivable 

(c) Irrigable 

(d) Present cultivation (crop- ~wise) 


3. Proposed annual irrigation with detailed crop pattern envisag- 


ed (acres) 


(a) Kharif 
(b) Rabi 


Existing intensity of irrigation (percentage of culturable com- 
manded area) : 


Canals Wells Other sources Total 
(a) Kharif 


(6) Rabi 
(c) Annual 


. Proposed intensity of irrigation (percentage of culturable 


commanded area) : 


(a) Kharif 
(b) Rabi 
(c) Annual 


(a) Is the land ready for irrigation ? If not, what works are 
required for developing irrigation (Levelling,bunding, drainage, 
colonisation, etc.)? 


(b) What are these works estimated to cost, and what approxi- 
mate period will be required for their implementation ? 


(c) What will people contribute for these works ? 


Do the State Revenue and Agricultural Departments agree to 
the proposal made by the project authorities ? ; 


What arrangements are contemplated for power for running 
tubewells ? If power is to be purchased from existing power 
systems, have arrangements for purchase been finalised ? 


Tariff for purchase of power for tubewells. 
B. Power Prosects 
Major items of work covered by the project. (Length and 
height of dam, length of canals and tunnels, size of power plant, 
boilers, etc.) 
It the case of steam power station, please state: 
(a) Source of cooling water 
(b) Source of fuel 


(c) Has above source been agreed to ‘by Coal Commissioner ! 7 
(d) Estimated cost of coal at site wie 


2. Anticipated power (in kW) 


I Stage II Stage III Stage 
(a) Installed wae fee Cah 
(6) Firm ee wins aie 
(c) Secondary ete en “oe 


23. 


24, 


bo 
uo 


28. 


30. 


31. 


yw 
bo 


33. 


34. 


36. 


37. 


Extent of the-transmission system. (Route miles of trunk and 
main lines with voltage.) 


If the project is to form part of an existing power system, the 
economics and advantages of such coordinated operation with 
existing sources may be stated. 


. Is the project an inter-State one? If so what are the State 


concerned in the construction and operation of the project, 
and to what extent ? 


. Nature and extent of anticipated load of different categories : 


(a) Domestic and General aad 
(6) Agricultural i 
(c) Industrial (Heavy and Light Industries) —- 


C. FLoop ContTrROL 


. Flood discharges : 


(a2) Maximum Peak Flood raw 
(b) Moderated Flood Peak (as a result of the Project) ee 
(c) Optimum Flood Discharges required . lant 


Area affected by floods at present (by districts in square miles). 


. Area protected from floods (by districts in square miles). 


D. NAVIGATION 
Navigable reaches and length with depth of draft : 


(a) Existing 
(6) After completion of project— 


Annual increase in traffic anticipated: 


(a) Passenger ses By oes 
(6) Goods (Tonnage) 


Figures of existing traffic—passenger and goods—to be given 


. Anticipated time for full development of traffic: 


(a) Passenger eae owe cee 
(6) Goods ee 5 3t eee 


Relationship to Other Projects 


What other irrigation and/or power projects have been propos- 
ed for the area covered by this project ? (Brief notes on such 
projects, if any, to be attached, or referred to if incorporated in 
main project report). 


What other existing projects will be assisted or affected by 
this project, and to what extent ? 


5. (a) What other programmes of allied developments will be 


required in this area to avail of the full benefits of this project 
(e. g. roads, mandis, railway, factories, colonisation, etc.) ? 


(b) What is the present stage of the above associated develop- 
ment ? 


Soil conservation and malaria control measures needed and. 


proposed. 


IV. Financial 


* 


Total estimated cost of the projects in rupees— 


Ist 2nd 3rd 4th 5th Subsequent 
year year year year year year 
(a) In foreign currency ‘os er odd 
(6) In Indian currency “-¢6 os coe 
(c) Total in rupees oan 


[Continued on page 36. 
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Layout Design of Meter Equipment 





In designing the metering equipment for large 
consumers, the layout is generally guided by the 
arrangement of Switchgear. This is the reason why 
many equipment become complicated and expensive 
if details of Switchgear layout are not considered at an 
an early stage. 


Before I proceed to discuss the methods of H.T. meter- 
ing in details, I would like to point out certain difficul- 
ties in regard to metering of very small load on high 
tension system. It is a general practice to carry large 
individual load on high voltage network and to give 
supply tc consumers at high voltage say 6.6 or 11 kV 
(Fig. 1). The reasons for such H. V. supply are well- 


BREAKER PROVIDED IF 
REQUIRED BY CORSUMER OR BOARD 





ae & ~ sr 


4 7k 
ean 6.6°Kv 
A. 


Metering ; 





wossibtiapie RRO” 
TO CONSIMER TO CORSOMER 
Lt | “Fo werwrx 
TO CONSUMER Piet 


B.V¥. SUPPLY PORM A 
8.9. SOPPLY SUBSTATION OF THE 
CONSUMER'S PREMISES. 


M.¥. SUPPLY FROM A 
SUBSTATION ON THE . 
CONSUMER'S PREMISES. 


known. When power is supplied in bulk, the consu- 
mers have always been offered reduced tariff which 
takes into account the reduced cost of supplying bulk 
power at high voltage. From suppliers’ point of view, 
considerable cost represented by Switchgear and ex- 
pensive metering equipment are tc be borne. These 
costs are generally independent of the size of supply. 
Thus there is a lower limit of transmitting power at high 
voltage. The upper limit of supplying power from Me- 
dium voltage lines has usually been well recognised by 
Supply Engineers but lower limit of supplies from 
high voltage network has often not been fully apprecia- 
ted. Experience tells that the lower limit of supplies 


By R. N. GANGULY 


from the H. V. network is about 250-500 kVA (Fig.2) 


MEE SE sage METI) OF SUPPLY 

ee } M7. + WETWORK « 

200ke) | M.V. = ‘TRANSPORMERS ON THE PREMISES OF CONSUMERS. 
500k 


6,600 . 
111009 YOLTS = RETWORK 





2 ,000k~ 
,600 vr 
11,000 VOLTS = ‘TRANSPORMERS ON THE PREMISES OF CONSUMERS. 
$ ,000kw~ 
Pig. 2. 


firstly from the point of economics and secondly it is 
virtually impossible to design a current transformer 
capable of withstanding a norma! short circuit current 
for a reasonable time for a current less than 30 amps. 
which represents about350kVAat 6.6kV and 600kVA 
st 11 kV approximately. For the usual level of fault 
which is generally accepted as 150 MVA at 6.6. kV or 
11 kV, a short circuit current of 13.1 KA can be borne 
by a 40 amps. (primary) C. T. for 0°5 second only, if 
the C. T. is to be accommodated in any customary form 
of Switchgear. The C.E.A. and Area Board in the 
U.K. have standardised 80/40/5 amps. ratio protec- 
tive current transformer for 6.6 kV and 11 kV, 150 
mVA rupturing capacity Switchgear controlling step- 
down transformers. 


Fortunately, the fault level in many of our distribu- 
tion system hardly exceeds 75 MVA and even then itis 
necessary to avoid giving supplies to load in 100-200 
kVA region at high voltage which means accurate 
measurement with current transformers of 5 or 10 or 20 
amps. 
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One way of solving this problem is to give supply on 
paper at high voltage and to meter the energy on the 
medium voltage side and to use calculated adjust- 
ment for transformer losses. Such method I consider 
is technically quite satisfactory when it is essential to 
supply a poor load at high veltage. 


Fig. 3 and Fig. 4 are the example of H. T. and L. T. 
metering. The deciding factor as has already been 
explained is the tariff. 





Transforeer 
Transforzer VY 





CONSUMER 
CONSUMER 
Pig. 3 


Fig. 5 is a typical example where consumer has taken 
supply through a number of feeders. The busbar is 
connected to other feeders connected to supplier's 
system. In this case the consumer’s energy cannot be 
metered on H.T. side. The only satisfactory point 
for metering is on the L. T. bus between supplier’s 
and consumer’s network. 


a 
q 


rn 


LT. 
weTwoRy - 


5.T 








Pig. 5 


Fig. 6 is an example of summation metering by 
paralleled current transformer method. Two H.T. 
feeders of the supplier are terminated on to a solid bus 
to give supply to two consumers’ feeders. As has been 
shown, the secondaries of similar ratio current trans- 
formers associated with the two feeders are paralleled 
to the series coil of a meter. It can, therefore, 
be appreciated that the current coil of the meter 
winding should ke capable of carrying the combined 
secondary current of all such current transformers 
associated with consumers’ feeders. As regards volt- 
age supply to meters, the voltage of the two feeders 
must be identical in magnitude and phase displece- 
ement. No difficulty will, however, he confronted 
if the vcltage istaken from the common bus. But if 
the voltage is teken directly or through « potential 
transformer from the feeder side cf the circuit brea- 
ker remote from bus, the voltage should not be parallel- 
ed, as this connection so formed would by-pass the 
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switch. The potential transformer may have to carry 
tremendous load in this case. This is why a voltage 
selector relay is introduced in the potential circuit. 
Another way of connecting the voltage circuit is 
through auxiliary switch contacts on each circuit 
breaker, so that these contacts open before and close 
after those of the main current carrying contacts of 
the circuit breaker. 





‘y 


I have explained that the above method of metering 
is satisfactory as long as magnitude and phase dis- 
placement of the two feeders areidentical. Obviously, 
this method could not be adopted if a buscoupler is 
inserted between the feeders. When this coupler is 
open there is every likelihood that the feeder voltages 
are not co-phasal and hence summation by paralleled 
current transformer methed should not be adopted. 
Each transformer feeder should be metered indepen- 
dently with separate current transformer and potential 
transformer. 


Pig. 6 


I would, however, point out that at first sight it may 
appear that metering by paralleled current transfor- 
mer method is likely to introduce much error in the 
event of one feeder becoming idle but it is not correct. 
Such errors are very small, in fact negligible owing 
to very high impedance of the secondary winding. 


The disadvantage of the paralleled current transfor- 
mer metering is that the meter should be so chosen that 
it is capable of carrying 5,10,15 amps. depending upon 
the number of feeders i.e. number of current transfor- 
mers paralleled. This is, of course, obviated by the 
use of a summation current transformer having 5 amps. 
out-put . In this case the C. T. ratio at different points 
of supply need not be same and a standard 5 amps. 
meter could be used. 


Another point may not be overlooked. Theabove 
method is generally adopted where the points of supply 
are in close proximity. Otherwise the burden of C.T. 
lead may be considerable. 


Referring to Fig. 7, it may be seen that the simul- 
taneous maximum demand of the two transformer 
feeder loads could be easily summated by mechanical 
summation assuming the supply points are in close 
proximity. A mechanical summator consists of two 
meters which are geared to either side of a differential 
drive, totelising counter and maximum demand in- 
dicator. This arrangement is very neat and quite 
satisfactory. 
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Bus 
, Be 
Seotion 
é Consumer's 
: g y Transformers 
Fig. 7 


The methods of metering to be adopted for a consu- 
mer with 4 transformers connected to high voltage 
bus with a bus section switch and two incoming fee- 
ders are being discussed in Fig. 8. As has already been ‘ 
mentioned above, this can be metered as suggested in 
Fig? 6 and Fig. 7 i.e. by paralleling current transfor- 
mers on either side of the buscouplerand then summat- 
ing the maximum demand by mechanical summation 
i.e. gearing two meters on either side of a differential 
drive. If the H. T. busbar is available for the connec- 
tion to potential transformers, two sets of potential 
transformers will be required. If, however, the poten- 
transformers have to be connected on the remote 
side of the breaker away from the bus, 4 sets of poten- 
tial transformers with two sets of voltage selector relays 
will be required. Thus each half of summator will be 
energised from a pair of transformer through a voltage 
selector switch. 











If, however, consumer’s transformers are more than 
four, in that case there are two ways of metering 
the load; 


(A) by the measurement of load on each transfor- 
mer feeder independently and then summating 
by means of impulsing, 


by metering the twe in-coming feeders where 
possibility may exist for the flow of power 
towards busbar through one feeder and away 
from busbar through the other feeder (parti- 
cularly bus-coupler is closed). 


(B) 


Impulse summation is generally adopted where a 
large number of circuits, whichare widely separated, are 
to be summated with the complication of Import and 
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Export. Thus to meterthe consumer with four trnas- 
formers as mentioned (A) above, four sets of current 
transformers, four sets of voltage transformers, two 
sets of voltage selector relays, four sets of meter and a 
summator will be required. The rotor of each of these 
meters is generally geared to some form of cam arrange- 
ment which causes @ pair of contacts to close once to 
give an impulse for a pre-zrranged number of revolu- 
tion of the rotor which is again equivalent to a 
definite number of kWH. Thus impulse summation 
consists of resolving the measurement of electrical 
energy into a succession of impulses each correspond- 
ing to a fixed quantity. These impulses from various 
meters are then transmitted over pilot wires to be 
counted ona receiving mechanism where these impulses 
energise a series of electromagnets which notch round 
wheels geared together through differentials to give 
final drive for the operation of summator and maxi- 
mum demand indicator. 


The alternative method of metering the two in-com- 
ing feeder as has been mentioned in (B) above will 
require meters to measure Import and Export of energy 
for both the feeders. This method is more advan- 
tageous than the previous one as two current trans- 
formers, four meters, one summator and one voltage 
relay will be required irrespective of number of consu- 
mer‘s transformers. If there be several sub-stations 
with more than one transformer and are connected in 
series forming a part of high tension ring, the above 
method could also be adopted (Fig.9). 


Lod 

















et 
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Fig. 10 shows metering active power by two kWH 
meters and two kWH check meters for Import and 
Export. It is shown that the current coils of meters 
for Export are reverse connected. These meters are 
generally fitted with ratchet and pawl to prevent 
backward rotation. Instead of using two meters for 
Import and Export, we may use one meter only operat- 
ing on both directions but equipped with two counters. 
One counter registers Import while the other registers 
Export. 

CF s Y IN 


REACTIVE CONS ON 





DIRECTIONS OF POWER FLOW. 
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With regard to reactive power metering, the number 
of units to be used depends upon tariff. There are some 
problems with reactive power metering as the reactive 
power may be positive or negative depending upon 
power factor which may be lagging or leading. More- 
over, in many cases the flow of power may be in both 
directions i.e. it may be flowing towards the busbar 
or away from the busbar and then it should be remem- 
bered that Export lagging kVArh=Import leading 
kVArh and vice versa. 


Where reactive units are not charged separately in 
both directions two meters will be required. One unit 
will record lagging and leading imported kV Arh while 
the other unit looks after the Export of lagging or lead- 
ing kVArh. 


If, however, the reactive units for Import and Export 
are charged separately for both directions four kV Arh 
meters fitted with ratchet and pawl will be required to 
measure kVArh Import lagging, kVAth Export lead- 
ing, kVAth Import leading, kVArh Export lagging. 
In addition to the above a relay will be required to 
disconnect the voltage supply to two reactive meters 
which are not required to register. Thus this relay will 
either bring meters for Import kVArh lag and Export 
kVArh lead or the meters for Export kVArh lag and 
Import kV Arh lead to standstill. 


SCHEMATIC DIAGRAM OF kWh AND kVAr TTED WI 
Cc No C 





Directional 

















Forward Power 
Or 


Pig. 11 


The above metering arrangement could further be 
simplified (Fig. 12) by the use of — 


SCHEMATIC DIAGRAM OF kWh AND kVArh METERS FITTED WITH 
SN ee ae ee ee ee 











Pig, 12 


(1) one KWH meter equipped with two counters— 
one counter registers energy export for forward direc- 
tion of the disc, while the 2nd counter registers 
energy for backward direction of disc, 


(2) one kVArh meter operation with two counters to 
register (a) Import lagging, (6) Export leading, accord- 
ing to direction of rotation, 


(3) one kV Arh meter operating with two counters to 
register (a) Export lagging, (6) Import leading, accord- 
ing to direction of rotation, 


(4) one relay to disconnect the voltage supplied to 
kVArh meter which is not required to register. This 
relay is converted to KWH meter rotating in both 
directions which disconnets either of the two kVArh 
meters to standstill in accordance with the Import 
or Export of active power. 


In regard te summation of kVAH, it may be stated 
that majority of present tariff structure adopted by 
different supply undertakings in Indie do not call for 
accurate summation of this quantity. Theoretically 
kVAH is a complex quantity and it cannot be 
algebrically summated, unless the phase angle of all 
blocks of kVAH to be summated have the same phase 
angle which is hardly feasible in practice. But, inspite 
of the above limitation, kVAH for different feeders 
sometimes have to be summated arithmetically by the 
impulses of the Trivector for obtaining simultaneous 
maximum demand. It must be remembered that such 
totalised kV AH will be in excess of true vectorial sum. 
It may be mentioned that vectorial addition of 
kVAH is a costly proposition and economically not 
justifiable. 


D. J. KEYMER & CO. BECOMES BOMAS LTD. 
(INDIAN DIVISION) 


The Indian Branches of the well-known advertis- 
ing agency D. J. Keymer & Co. Ltd. will, from now, 
be known as the Indian Division of BOMAS LTD. 
This change reflects the decision taken earlier in the 
year by the U. K. parent organization, 8S. H. Benson 
Ltd., to form a separate company to develop further 
its overseas business. The initials BOMAS stand for 
Benson’s Overseas Marketing and Advertising 
Service. 


Announcing this development at a staff reception 
at Bombay Mr. R. F. Hardcastle, Director of 
BOMAS in India, said that “International advertising 
today knows no frontiers. We must speak with 
the same voice, in many different languages, to make 
known the goods and services which modern 


industry offers to the world. It is the progresssive 
business-man who today thinks and acts in truly 
international terms.” 





Editorial 


Thoughts on the Third Plan 


The third Five Year Plan is already being discussed 
in the country although the second one is stil] two 
years to go. This is as it should be. But one of the 
main purposes of thinking so much 2head is to examine 
critically the exverience gained during the past 
years in the execution of the national plens in order 
to apply its lessons in the future. While criticism 
about the defects of the Second Plan is being voiced, 
the more basic issue as to whether this kind of over- 
all national planing, almost self-contained and com- 
pletely circular in nature isgood. The term “‘flexible”’ 
has been over-worked, to such an extent that it has 
almost been dissociated from its normel meaning. 
Can an “overall plan” be at all flexible? This is an 
approach to our experience of the immediate past and 
to that obtained in countries where planning is not 
only fashionable but actually forms the rigid steel-like 
framework of the national economy and social life. 
Therefore, before discussing the defects of the present 
plan or the details of the plan to follow we think it 
necessary to raise this basic issue of planning itself. 


On the basis of our recent experience, apart from 
the very relevant experience of other countries in 
this field, we tend tc think that there is serious need 
to question and re-examine the whole concept of com- 
prehensive national planning. In the alternative, we 
would suggest a comprehensive and continuing “‘per- 
spective planning”’ of our resources and their effecient, 
economic and integral development, coupled with 
detailed project-wise plenning for purposes of execu- 
tion as they mature. 


It will be interesting to note that the more cautious 
Egyptian Government has adopted this approach. 
There are several advantages in the above policy. 
Firstly, unrealisable and imaginary hopesere avoided. 
Secondly, only those projects which can be executed 
within the available resources and which have been 
gone into thoroughly are undertaken. Thirdly, as 
there is no public commitment about overall targets, 
there is real flexibility. And finally, foreign aid can 
be invited more fruitfully project-wise rather than 
in the shape of under-writing the whole national 
economy, by implication, if not directl;. This latter 
implies some political motivations and consequent 
hesitations on both sides. 


May we suggest 2 serious consideration of the above 
approach by our leaders, although there might be a 
tendency to brush it asideas being too late in the day ? 
It is never late to mend. 

. - * 


The food problem in particular and the lack of a 


fast tempo of development of agricultural industry 
in general has created a kind of crisis in the country. 
Committees after committees have been established 
to investigate the various aspects of the matter and 
they in their turn have repeated recommendations 
made earlier. This gives the overall impression that 
there is scme serious defect in the thinking and ap- 
proach to the entire problem. A survey of the fluctua- 
ting food and agricultural policy during the Second 
Five Year Plan provides ample evidence that there 
is an “absence of steadiness resulting in shifting about 
in priorities, sudden alarums and excursions followed 
by strange neglect, and despite the work done, the 
persistance of the deficit.” 


Irrigation policy is only a part of the general agri- 
cultural policy and in its own field major defects, both 
in planning and technical approach and its integration 
with the needs of irrigation-agriculture have been no- 
ticed. For example inadequate utilization of irriga- 
tion waters provided on a significant scale has been 
experienced. Problems of salinity and water-log- 
ging as a result of large scale irrigation systems are 
cropping up. Where dry-farming is more siutable due 
to the nature of the soil, abundant irrigation waters 
have been made available or planned. Due to ex- 
tremely inadequate attention given to conservation of 
moisture in the catchment areas, tanks are drying 
up. Large scale end heavy pumping in draw-wells is 
lowering the underground water table. 


The crucial question therefore is whether the coming 
plan will be a result of fresh thinking on new lines or 
will it be 2 mere continuation and enlargement of 
previous plans. One of the difficulties that critics 
have faced is the peculiar insularity of the official 
mind to whom they have to address themselves. 
In addition to this one has the feeling of addressing 
his words in a vacant sky as if in soliloquy. Nobody 
knows how the official world reacts. 


* * * 


There is no point in offering technical suggestions 
to meet the problem: these 2re very well known and 
often repeated. The major defect lies in the organi- 
sational approach. We shell here offer only one sug- 
gestion in this latter category. 


There is a kind of unity in nature, the land-cum- 
water unity in the1iver besins ona wider framework, 
and inthe small catchment arees on a narrower frame 
of reference, though not less important. It is on 
this unified foundation of nature that agriculture 
as an industry is reared up. But our general approach 
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to the problem arising in agriculture is characterised 
by single-point, compertmentalised plans such as in 
the field of flood contrcl, irrigation, soil conservation, 
co-operative marketing, seed farms, soil testing, etc. 
and these filter down from above in parallel lines, 
each fixing its own exclusive target of success. But 
general develpoment cannot be measured exclusively 
in terms of single causes, in view of the complexity of 
the natural process. 


What is needed is intensive but unified regicnal 
planning and development. This cannot be done 
except without having a single operating agency for 
the whole region, be it a river basin or a@ sizeable 
catchment area. 


No serious effort has so far been made to experi- 
ment this idea in any region. What we dare suggest 
is to give a real chance to this in the third Plan on 
an effective scale. We do have other suggestions to 
offer but they neatly fit in only in our concept of 
the unified regional approach. 


May we refer here to the excellent book “Food 
Production in India”* by Mr. 8. Y. Krishnaswamy 
which deserves wide reading by our planners, speci- 
alists end public men. It ably amplifies the approach 
suggested here. 


* Published by Bhamati Books, 3, East Circular Road, 


Mandavelipakkam, Madras-28. 
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Today electricity and telephone 
companies are cutting their in- 
stallation costs with the weight- 
saving advantages of cable in- 


strips easily, yet won’t festoon or 
rot. POLYETHYLENE possesses out- 
standing resistance to moisture, 
sunlight, weathering and aging. 








sulated with POLYETHYLENE. It is 
the lightest commercial plastic, yet 
has high tensile, impact and 
flexural strengths. It pulls and 


Installation economy and long 
service life make POLYETHYLENE 
an ideal material for wire and 
cable covering. 


POLYETHYLENE EXCELS IN DIELECTRIC PROPERTIES, 
CHEMICAL-RESISTANCE, PHYSICAL CHARACTERISTICS 


Because it is extremely inert and highly resistant to chemicals, POLYETHYLENE iS an 

ideal covering for cables used in chemical soils such as are found in sea-shore areas 

or chemical factories. POLYETHYLENE is also being increasingly used for covering 
_ underwater cables. 


POLYETHYLENE will shortly be manufactured in India by 
National Carbon Company (India) Limited at their plant 
at Trombay Island, Bombay. —~ 


CABLES COVERED WITH 


Polyethylene 


ENSURE YEARS OF TROUBLE-FREE SERVICE 


TRADE MARK 





INDUSTRIAL PRODUCTS DIVISION 
NATIONAL CARBON COMPANY (INDIA) LTD. 


BOMBAY @ CALCUTTA ¢ DELHI @ MADRAS 


’ The term UNION CARBIDE is @ registered trade mark of Union Carbide Corporation, U.S.A, NCC MTR 








Mr. R.L. Dewan passed 
M.Sc. in Soil Chemistry 
in first class from the 
Punjab University, La- 
hore. He joined the Irri- 
gation Research Institute, 
Punjab, and worked from 
1942 to 1947. He worked 
from 1948 to 1950 in 
Hirakud Dam Project. 
Joined Bihar Government 
in 1950 as Research 
Officer for investigations 
of Gandak Project. At present working as Deputy 
Director in the newly set up Bihar Institute of 
Hydraulic and Allied Research at Khagaul. 





Mr. D. Mookerjea is now 
Chief Engineer, Kosi Pro- 
ject. He was lately Dy. 
Chief Engineer, D.V.C. He 
has been a frequent contri- 
butor to our journal. 





Bireswar Banerjee, 
aged 28, entered Presi- 
dency College, Calcutta, 
graduated with Honours 
in Geography in 1949; 
took his M. A. in Geo- 
graphy in 1951 from the 
University of Calcutta 
standing first in Class I, 
University Gold Medalist; 
selected research scholar 
of the Govt. of West 

see Bengal (1952-54) and 
India (1954-57); submitted his dissertation for 
D. Litt on an econo-geographical topic—Agricul- 
ture in West Bengal: a Geographical Analysis ; 
carried out much exploratory works of his own, 
especially in the glacial regions of the Himalayas; 
acquired specialised knowledge in cartography, 
mapping, and other applied branches of Geography 
including Regional Planning; National Research 
Fellow in Geography (Govt. of India) to carry 
on post-graduate research, Publications include 
various articles appearing in the scientific journals 
of India and U.S. A. (Economic Botany etc.). 




















Our Contributors 


Mr. B. N. Dutt passed 
B. E. (Electrical) from 
Bengal Engineering 
College, Shibpur in 1940. 
Worked as maintenance 
Engineer at National Iron 
& Steel Works, Belur, 
upto 1949. Joined Electri- 
city Development, Govt. 
of West Bengal in 1946. 
Prepared and implemen- 
ted various schemes for 
the Electrification in 
West Bengel. Worked as Divisional Engineer 
(Plenning) till June, 1958. At present working as 
Divisional Engineer for the implementation of the 
Project “Power Supply to Railway for Track 
Electrification’’. 


Mr. C. §.. Parthasarathy, 
Assistant Chief, Irrigation, 
Natural Resources, Plann- 
ing Commission, is one of 
our regular contributors, 


R. N. Ganguly was 
born in 1926, graduated 
in Electrical Engineering 
from B.E. College, Sibpur 
and was awarded Sibley 
Scholarship by the Univer- 
sity of Calcutta. He had 
his practical experience 
with A. E. I. M. Co. Ltd., 
Southwales Electricity 
Board and British Electri- 
city Authority. He served 
D. V. C. for several years 
as Technical Assistant and as Assistant Engineer. 
He also served Calcutta Technical School as Head 
of Electrical Engineering Department for couple 
of years prior to joining West Bengal State Electri- 
city Board as Divisional Engineer (Testing), in charge 
of Central Testing Laboratory. 
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4 DIFFERENT EARTHMOVERS a: your finger-tips! 


with the Drott exclusive 4-in-1 ATTACHMENT 





BULLDOZER 








INTERNATIONAL 








CLAMSHELL 











CARRY-TYPE 
SCRAPER 























SKID-SHOVEL 


Capacity of 4-in-! Bucket from I cu. yd. to 3 cu. yd. depending 
on the size of the crawler tractors. 


The exclusive Drott Four-in-One is a super-strong, 
2-segment bucket, which can be positioned 4 ways from 
the operator’s seat to perform the multiple-duty opera- 
tions of 4 different and widely useful material-moving 
machines— Skid-Shovel, Bulldozer, Clamshell and Carry- 
type Scraper. The Four-in-One excavates, loads, bull- 
dozes, grades, strips, spreads, compacts...gives you 
4-machine utility for one moderate investment! 


The Four-in-One bucket is interchangeable with different 
front-end attachments for a wide variety of jobs. 





International 


Construction Equipment 








unrivalled service and spare parts organisation 


VOLTAS LIMITED 
Construction Equipment Dept. 
Bombay = Calcutta - Madras 

New Delhi - Bangalore 

Cochin - Ahmedabad 

Secunderabad - Lucknow 


EVEREST 





